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Prefaee 


The Study Guidefor Memmler’s Structure and Function of the Human Body , llth edition, helps students learn foun- 
dational eoneepts in anatomy and physiology required for success in allied health occupations. Although it will be 
more effeetive when used in conjunction with the llth edition of Memmler’s Structure and Function of the Human 
Body , the Study Guide may also be used to supplement other textbooks on basie anatomy and physiology. The 
questions in this edition refleet revisions and updating of the text. The labeling and eoloring exercises are taken 
from the illustrations designed for the book. 

The exercises are designed to faeilitate student learning, not merely to test knowledge. Eaeh ehapter eontains 
three main eomponents. The hrst seetion, “Addressing the Tearning Objeetives,” ean be eompleted as students 
read through the ehapter. It eontains exercises in many formats, including labeling, eoloring, matehing, and 
short answer, all designed to foster aetive learning. The seeond seetion, “Making the Connections,” asks students 
to eomplete a eoneept map integrating information from multiple learning objeetives. Finally, “Testing Your 
Knowledge” inehtdes multiple ehoiee, true/false, eompletion, short answer, and essay questions to identify areas 
requiring further study. Within this seetion, “Praetieal Applieations” questions use elinieal situations to test students’ 
mastery of a subject. 

All answers to the Study Guide questions are available on the instmetor’s website on Point. 


V 



Introdiietion 


Learning about the Human Body 

You already have some ideas about the human body that will influence how you learn the information in this 
textbook. Many of your theories are eorreet, and this Study Guide, ereated to aeeompany the llth edition of 
M emmler’s Structure and Function of the Human Body, will simply add detail and complexity to these ideas. Other 
theories, however, may be too simplistie. It ean be difhcult to replaee these ingrained beliefs with more accurate 
information. For instanee, many students think that the htngs aetively inflate and dehate as we breathe, but it is 
the diaphragm and the rib eage rmtseles that aeeomplish all of the work. Learning physiology or any other subject 
therefore involves: 

1. Construction: Adding to and enhaneing your previous store of ideas. 

2. Reconstruction: Replaeing miseoneeptions (ineorreet or simplistie prior views and ideas) with seientifieally 
sound prineiples. 

3. Self-monitoring: Construction and reeonstmetion require that you also monitor your personal understanding 
of a particular topie and consciously forrmilate links between what you are learning and what you have 
previously learned. Rote learning is not an effeetive way to learn anatomy and physiology (or almost anything 
else, for that matter). Metaeognition is monitoring your own understanding. Metaeognition is very effeetive if 
it takes the form of self-questioning during the lectures. Try to ask yourself questions during lectures, such as 
“What is the prof trying to show here?” “What do these mtmbers really mean?” or “How does this stuff relate 
to the stuff we eovered yesterday?” Self-questioning will help you ereate links between eoneepts. In other 
words, try to be an aetive learner during the lectures. Familiarity with the material is not enough. You have to 
internalize it and apply it to succeed. You ean greatly enhanee your ability to be an aetive learner by reading the 
appropriate seetions of the textbook before the lecture. 

Eaeh held in biology has its own language. This language is not designed to make your life difhcult; the terms 
often represent complex eoneepts. Rote memorization of dehnitions will not help you learn. Indeed, because bio- 
logieal terms often have different meanings in everyday eonversation, you probably hold some dehnitions that are 
misleading and must be revised. For example, you may say that someone has a “good metabolism” if they ean eat 
enormous meals and stay slender. However, the term “metabolism” actually refers to all of the ehemieal reaetions 
that occur in the body, inehiding those that build muscle and fat. We learn a new language not by reading about 
it but by using it. The Study Guide you hold in your hands employs a number of learning techniques in every 
ehapter to help you beeome eomfortable with the language of anatomy and physiology. 

Addressing the Learning Objeetives 

The exercises in this seetion will help you master the material both verbally and visually. Work through the seetion 
as you read the textbook ehapter; eompleting the exercises will help you aetively learn the material, improving 
your ehanees of remembering it at exam time. 

The labeling and eoloring exercises will be espeeially useful for mastering anatomy. You ean use these exercises 
in two ways. First, follow the instmetions to label and eolor (when appropriate) the diagram, using your text- 
book if neeessary. Seeond, use the diagrams for exam preparation by eovering up the label names and praetieing 
naming eaeh structure. Coloring exercises are fun and ean enhanee learning. 

“Making the Connections:” Learning through 
Concept Maps 

This learning aetivity uses eoneept mapping to master dehnitions and eoneepts. You ean think of eoneept mapping 
as ereating a web of information. Individual terms have a tendeney to get lost, but a web of terms is more easily 
maintained in memory. You ean make a eoneept map by following these steps: 
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1. Seleet the eoneepts to map (6-10 is a good number). Try to use a mixture of nouns, verbs, and proeesses. 

2. If one exists, plaee the most general, important, or overriding eoneept at the top or in the eenter, and arrange 
the other terms around it. Organize the terms so that elosely related terms are elose together. 

3. Draw arrows between eoneepts that are related. Write a short phrase to eonneet the two eoneepts. 

For instanee, eonsider a simple eoneept map eomposed of three terms: student learning, professors, and text- 
books. Write the three terms at the three eorners of a triangle, separated from eaeh other by 3 to 4 inehes. Next is 
the difhcult part: devising eonneeting phrases that explain the relationship between any two terms. What is the 
essenee of the relationship between student learning and professors? An arrow could be drawn from professors to 
student learning, with the eonneeting phrase “ean explain diffieiilt eoneepts to faeilitate” The relationship would 
be “Professors ean explain diffieiilt eoneepts to faeilitate student learning.” Draw arrows between all other term 
pairs ( student learning and textbooks , textbooks and professors ) and try to eome up with eonneeting phrases. Make 
sure that the phrase is read in the direetion of the arrow. 

There are two eoneept mapping exercises for most ehapters. The hrst exercise eonsists of hlling in boxes and, 
in the later maps, eonneeting phrases. The guided eoneept maps for ehapters 1 through 6 ask you to think of the 
appropriate term for eaeh box. The guided eoneept maps for ehapters 7 through 21 are more traditional eoneept 
maps. Eaeh pair of terms is linked together by a eonneeting phrase. The phrase is read in the direetion of the 
arrow. For instanee, an arrow leading from “genes” to “ehromosomes” could result in the phrase “Genes are found 
on pieees of DNA ealled ehromosomes” The seeond optional exercise provides a suggested list of terms to use to 
eonstmet your own map. This seeond exercise is a powerful learning tool, because you will identify your own 
links between eoneepts. The aet of ereating a eoneept map is an effeetive way to understand terms and eoneepts. 

Testing Your Knowledge 

These questions should be eompleted after you have read the textbook and eompleted the other learning aetivi- 
ties in the Study Guide. Try to answer as many questions as possible without referring to your notes or the 
text. As in the end-of-ehapter questions, there are three different levels of questions. Type I questions (Building 
IJnderstanding) test simple reeall: How well have you learned the material? Type II questions (IJnderstanding 
Concepts) examine your ability to integrate and apply the information in simple praetieal situations. Type III ques- 
tions (Conceptual Thinking) are the most ehallenging. They ask you to apply your knowledge to new situations 
and eoneepts. There is often more than one right answer to Conceptual Thinking questions. Many ehapters also 
include questions based on the One Step at a Time box in your textbook. These questions give you praetiee in 
eritieal skills to succeed in your courses and, more importantly, to succeed as a seientiheally literate eitizen. The 
answers to all questions are available from your instmetor. 

Learning from the World aroiind You 

The best way to learn anatomy and physiology is to immerse yourself in the subject. Tell your friends and family 
what you are learning. Diseover more about reeent health advanees from television, newspapers, magazines, and 
the Internet. Our knowledge about the human body is eonstantly ehanging. The work you will do using the Study 
Guide ean serve as a basis for lifelong learning about the structure and function of the human body. 
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CHAPTER 


Organization of the Human Body 



0 ve rvi e w 

Anatomy is the study of body struc- 
ture, whereas physiology is the study 
of how the body functions. 

Living things are organized from 
simple to complex levels. The simplest 
living form is the eell, the basie unit of 
life. Speeialized eells are grouped into 
tissues, which in turn are eombined 
to form organs; these organs form sys- 
tems, which work together to maintain 
the body. 

The systems are the 

■ Integumentary system, the body’s 
eovering 

■ Skeletal system, the framework of 
the body 

■ Muscular system, which moves the 
bones and the skin of the faee 

■ Nervous system, the eentral eontrol 
system that includes the organs of 
the sensory system 

■ Endoerine system, which produces 
regulatory hormones 

■ Cardiovascular system, eonsisting 
of the heart and blood vessels, aet- 
ing to transport vital substances 

■ Lymphatie system, which includes 
vessels that return tissue fluids 
to blood and organs that house 
immune eells 

■ Respiratory system, which adds 
oxygen to the blood and removes 
earbon dioxide 

■ Digestive system, which eonverts 
raw food materials into products 
usable by eells 
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■ Urinary system, which removes wastes and excess water 

■ Reproductive system, by which new individuals of the speeies are produced 

All the eelhdar reaetions that sustain life together make up metabolism, which ean be divided 
into eatabolism and anabolism. In eatabolism, complex substances are broken down into simpler 
molecules. When the nutrients from food are broken down by eatabolism, energy is released. This 
energy is stored in the compound ATP (adenosine triphosphate) for use by the eells. In anabolism, 
simple compounds are built into substances needed for eell aetivities. 

All the systems work together to maintain a state of balanee or homeostasis. The main meeha- 
nism for maintaining homeostasis is negative feedbaek, by which the state of the body is the signal 
to keep eonditions within set limits. In this proeess, a sensor gathers information about a regulated 
parameter. A eontrol eenter eompares the sensor input with its set point and, if neeessary, alters 
the aetivity of an effeetor to return the parameter eloser to the set point. Hormones and eleetrieal 
impulses aet as signals between the different eomponents. 

The human body is eomposed of large amounts of fluid, the amount and eomposition of which 
must be eonstantly regulated. The extracellular fluid eonsists of the fluid that surrounds the eells 
as well as the fluid circulating in blood and lymph. The fluid within eells is the intracellular fluid. 

Study of the body requires knowledge of direetional terms to loeate parts and to relate various 
parts to eaeh other. Planes of division represent different direetions in which cuts ean be made 
through the body. Separation of the body into areas and regions, together with the use of the speeial 
terminology for direetions and loeations, makes it possible to deseribe an area within the human 
body with great accuracy. 

The large internal spaees of the body are eavities in which various organs are loeated. The dor- 
sal eavity is subdivided into the eranial eavity and the spinal eavity (eanal). The ventral eavity is 
subdivided into the thoraeie and abdominopelvie eavities. Imaginary lines are used to divide the 
abdomen into regions for study and diagnosis. 


Addressing the Learmng Objeetives 

1. DEFINE THE TERMS ANATOMY AND PHYSIOLOGY. 
EXERCISE 1-1 

Write a dehnition of eaeh term in the spaees below. 


1. Anatomy 


2. Physiology 
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2. DESCRIBE THE ORGANIZATION OF THE BODY FROM CHEMICALS TO THE WHOLE 
ORGANISM. 

EXERCISE 1-2: Levels of Organization (Text Fig. 1-1) 

1. Write the name or names of eaeh labeled level 
of organization on the numbered lines in 
different eolors. 

2. Color the different structures on the diagram 
with the eorresponding eolors. For instanee, 
if you wrote “eell” in blue, eolor the eell blue. 


1 . 

2 . 

3. 

4. 

5. 

6 . 






















ehapter 1 Organization of the Human Body 


3. LIST 11 BODY SYSTEMS, AND GIVE THE GENERAL FUNCTI0N OF EACH> 

EXERCISE 1-3 

Write the appropriate term in eaeh blank from the list below. Not all terms will be used. 

nervous system integumentary system cardiovascular system 

respiratory system skeletal system urinary system 

endoerine system lymphatie system digestive system 

1. The system that proeesses sensory information _ 

2. The system that delivers nutrients to body tissues _ 

3. The system that breaks down and absorbs food _ 

4. The system that includes the fingernails _ 

5. The system that includes the bladder _ 

6. The system that includes the joints _ 

7. The system that delivers oxygen to the blood _ 

8. The system that includes the tonsils _ 

4. DEFINE AND GIVE EXAMPLES OF HOMEOSTASIS, 

See Exercises 1-4 and 1-5. 

5. LISING EXAMPLES f DISCUSS THE C0MP0NENTS OF A NEGATIVE FEEDBACK L00P> 
EXERCISE 1-4 

Use the terms below to eomplete the paragraph. 

eontrol eenter sensor effeetor negative feedbaek 

homeostasis body eells insulin panereas. 

The maintenanee of a eonsistent internal body state, known as (1) _, is eriti- 

eal for health. Different body parameters, such as body temperature and blood glucose eon- 

eentration, are kept eonstant using (2)_This proeess includes several 

eomponents. A(n) (3) _measures the level of the regulated parameter. A(n) 

(4)_eompares the input from eomponent (3) with the set point and sends signals 

to a(n) (5)_in order to reverse any ehanges in the regulated parameter. In the 

eontrol of blood glucose, the (6)_fulfills the roles of sensor and eontrol eenter. 

The effeetor is (7)_The signal that passes from the eontrol eenter to the effeetor 

is (8)_ 

EXERCISE 1-5 

The body tightly regulates body fluid volume and eomposition. Fill in the blank after eaeh state- 
ment—does it apply to extracellular fluid (EC) or intracellular fluid (IC)? 

1. Includes lymph and blood _ 

2. Refers to fluids inside eells _ 

3. Includes fluid between eells _ 
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6. DEFINE METABOLISM, AND NAME THE TW0 TYPES OF METABOLK REACTIONS> 
EXERCISE 1-6 

Use the terms below to eomplete the paragraph. 

ATP metabolism eatabolism anabolism 

The term (1)_refers to all life-sustaining reaetions that occur within the body. 

The reaetions involved in (2) _assemble simple eomponents into more eom- 

plex ones. The reaetions of (3) _break down substances into simpler eompo- 

nents, generating energy in the form of (4)_This energy ean be used to fuel eell 

aetivities. 


7. LIST AND DEFINE THE MAIN DIRECTIONAL TERMS FOR THE BODY. 


EXERCISE 1-7: Direetional Terms (Text Fig. 1-6) 


1. Write the name of eaeh direetional term on the 
mtmbered lines in different eolors. 

2. Color the arrow eorresponding to eaeh direetional 
term with the appropriate eolor. 


1 . 

2 . 

3. 

4 . 

5. 

6 . 

7. 

8 . 
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EXERCISE 1-8 

Write the appropriate term in eaeh blank from the list below. Not all terms will be used. 
posterior anterior medial distal 

proximal lateral horizontal 

1. A term that indieates a loeation toward the front _ 

2. A term that means farther from the origin of a part _ 

3. A direetional term that means away from the midline 

(toward the side) _ 

4. A term that deseribes the position of the ankle in relation 

to the toes _ 

5. A term that deseribes the position of the shoulder blades in 

relation to the eollar bones _ 

8. LIST AND DEFINE THE THREE PLANES OF DIVISION OF THE BODY, 

EXERCISE 1-9: Planes of Division (Text Fig. 1-7) 

1. Write the names of the three planes of division on the eorreet numbered lines in different eolors. 

2. Color eaeh plane in the illustration with its eorresponding eolor. 
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9. NAME THE SUBDIVISIONS OF THE DORSAL AND VENTRAL CAVITIES. 

EXERCISE 1-10: Lateral View of Body Cavities (Text Fig. 1-10) 

1. Write the names of the different body eavities and other structures in the appropriate spaees 
in different eolors. Try to ehoose related eolors for the dorsal eavity subdivisions and for the 
ventral eavity subdivisions. 

2. Color parts 3 through 8 with the eorresponding eolors. 


1 . 

2 . 

3. 

4 . 

5. 

6 . 

7. 

8 . 

9. 




>- 
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10. NAME AND L0CATE THE SUBDIVISI0NS 0F THE ABDOMEN. 


EXERCISE 1-11: Regions of the Abdomen (Text Fig. 1-12) 


1. Write the names of the nine regions of the abdomen on 
the appropriate numbered lines in different eolors. 

2. Color the eorresponding regions with the appropriate 
eolors. 


1 . 

2 . 

3. 

4 . 

5. 

6 . 

7. 

8 . 

9. 



EXERCISE 1-12: Quadrants of the Abdomen (Text Fig. 1-13) 


1. Write the names of the four quadrants of the abdomen 
on the appropriate numbered lines in different eolors. 

2. Color the eorresponding quadrants in the appropriate 
eolors. 


1 . 

2 . 

3. 

4. 
























































10 Unit 1 The Body as a Whole 


11. CITE SOME ANTERIOR AND POSTERIOR BODY REGIONS ALONG WITH THEIR 

COMMON NAMES. 


EXERCISE 1-13 

Complete the following table by writing in the missing terms. 


Common Name 

Anatomie Adjeetive 

Thigh 



Antecubital 


Inguinal 

Arm 


Forearm 



Axillary 


Tarsal 

Shoulder blade 



Aeromial 


12. FIND EXAMPLES OF ANATOMK AND PHYSIOLOGK TERMS IN THE CASE STUDY. 
EXERCISE 1-14 

Read through the ease study at the beginning of the ehapter and the ease study discussion at the end 
of the ehapter. Find an example of eaeh type of medieal term listed below and write it in the blank. 

a. A term deseribing one of four abdominal regions _ 

b. A term deseribing a particular region of the upper limb _ 

e. A term deseribing a body eavity _ 

d. A term deseribing one of nine abdominal regions _ 

e. A direetional term _ 
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13. SH0W H0W W0RD PARTS ARE USED TO BUILD W0RDS RELATED TO THE BODY'S 

ORGANIZATION. 

EXERCISE 1-15 

Complete the following table by writing the eorreet word part or meaning in the spaee provided. 
Write a word that eontains eaeh word part in the “Example” column. 

Word Part Meaning Example 

1. -tomy _ _ 

2. -stasis _ _ 

3. _ nature, physieal _ 

4. home/o _ _ 

5. _ apart, away from _ 

6. _ down _ 

7. _ upward _ 


8. -logy 
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Making the Connections 

The following eoneept map deals with the body’s eavities and their divisions. Complete the eoneept 
map by hlling in the blanks with the appropriate word or term for the eavity division, subdivision, 
or region. 


Internally the body is divided into two main eavities. 


They are the 


o 


and the 


0 


The two siibdivisions of this eavity are the 


The two subdivisions of this eavity are the 


o 




and the spinal eavity thoraeie eavity andthe 



They are separated by 
a muscle ealled the 


© 


This eavity ean be 
divided into the 

abdominal eavity 


© 


and the 



For the purpose of examination the abdominal 
eavity ean be divided into nine regions. From 
superior to inferior they are: 



o 


Right Lateral 


Central 

Epigastrie 
region 


Left Lateral 


Hypoehondriae 
region 


Lumbar region 


© 


0 


© 


0 


iliae region 
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13 


Testìng Your Knovvledge 

BLIILDING IJNDERSTANDING 
I. MULTIPLE CH0ICE 

Seleet the best answer. 

1. Which of these phrases deseribes a wart on the hngertip? 1. 

a. phalangeal wart 

b. pedal wart 
e. tarsal wart 

d. axillary wart 

2. Which two body eavities are separated by the diaphragm? 2. 

a. eranial and the spinal eavities 

b. dorsal and ventral eavities 

e. thoraeie and abdominal eavities 

d. abdominal and pelvie eavities 

3. What term deseribes the breakdown of complex molecules into 

simpler ones? 3. 

a. anabolism 

b. synthesis 

e. negative feedbaek 

d. eatabolism 

4. Blood plasma is an example of which type of huid? 4. 

a. extracellular 

b. intracellular 

e. superior 

d. extraneous 

5. Which body system eonsists of the skin and aeeessory organs? 5. 

a. circulatory system 

b. nervous system 

e. integumentary system 

d. digestive system 

6. Which of these terms deseribes the right superior region of the abdomen? 6. 

a. right lumbar region 

b. right hypoehondriae region 

e. right iliae region 

d. right inguinal region 

7. Which of these terms deseribes the study of normal body structure? 7. 

a. physiology 

b. homeostasis 

e. anatomy 
d. ehemistry 
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8. Which of these seetions is ereated when you cut a banana right down the 

middle, making two identieal halves? 8._ 

a. longitudinal seetion 

b. horizontal seetion 
e. eross-seetion 

d. eoronal seetion 

9. In a negative feedbaek loop, which eomponent reeeives signals from 

the sensor? 9._ 

a. effeetor 

b. set point 

e. eontrol eenter 
d. reeeptor 

II. C0MPLETI0N EXERCISE 

> Group A: General Terminology 

Write the word or phrase that eorreetly eompletes eaeh sentenee. 

1. In the anatomie position, the body is upright and palms are faeing_ 

2. Fluid inside eells is ealled_ 

3. Catabolism releases energy in the form of_ 

4. Homeostasis is maintained by a form of feedbaek known as_ 

5. The sum of all eatabolie and anabolie reaetions in the body is ealled_ 

6. The abbreviation ATP stands for_ 

> Group B: Body Cavities, Direetional Terms, and Planes of Division 

1. The term that means nearer to the point of origin is_ 

2. The term that means farther from the body’s midline is_ 

3. The abdomen may be divided into four regions, eaeh of which is ealled 

a(n)_ 

4. The eavity that houses the brain is the_ 

5. The plane that divides the body into left and right parts is the_ 

6. The ventral body eavity that eontains the stomaeh, most of the intestine, the liver, and the 

spleen is the_ 

7. The abdomen may be subdivided into nine regions, including three along the midline. The 

region elosest to the sternum (breastbone) is the_ 

8. The spaee between the lungs is ealled the_ 

9. The diaphragm separates the thoraeie eavity from the_ 
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> Group C: Body Regions 

Write the anatomie adjeetive that eorresponds to eaeh body region. 

1. Buttock_ 

2. Wrist_ 

3. Baek of knee_ 

4. Hip_ 

5. Forearm_ 

LJNDERSTANDING C0NCEPTS 
I. TRLIE/FALSE 

For eaeh statement, write T for true or F for false in the blank to the left of eaeh number. If a state- 
ment is false, eorreet it by replaeing the underlined term, and write the eorreet statement in the 
blank below the statement. 

_1. Proteins are broken down into their eomponent parts by the proeess of eatabolism . 


2. The ealeaneal tendon is found in the heel. 


3. The spinal eavity is superior to the eranial eavity. 


4. Your umbilicus is lateral to the left hmrbar region. 


5. The right hypoehondriae region is found in the right lower quadrant . 


II. PRACTICAL APPLKATIONS 

> Group A: Direetional Terms 

Study eaeh discussion. Then write the appropriate word or phrase in the spaee provided. 

1. The gallbladder is loeated just above the eolon. The direetional term that deseribes the position 

of the gallbladder with regard to the eolon is_ 

2. The stomaeh is eloser to the midline than the kidneys. The direetional term that deseribes the 

kidneys with regard to the stomaeh is_ 

3. The entranee to the stomaeh is nearest the point of origin or beginning of the stomaeh, so this 

part is said to be_ 
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4. The knee is loeated eloser to the hip (the point of origin for the lower limb) than is the ankle. The 

term that deseribes the position of the ankle with regard to the knee is_ 

5. A ehild suffered from a burn extending from the umbilicus to the sternum. The term that 

deseribes the umbilical region in relation to the hypogastrie region is_ 

6. The sternum is eloser to the front of the body than the vertebrae are. The term that deseribes 

the vertebrae with regard to the sternum is_ 

7. The head of the panereas is nearer to the midsagittal plane than is its tail portion, so the head 

part is more_ 

> Group B: Body Cavities and Body Regions 

Study the following eases and answer the questions based on the nine divisions of the abdomen and 
the anatomie terms for body regions. 

1. Mr. A braised his ribs in a dirt buggy aeeident. He experienced tenderness in the upper left 
side of his abdomen. In which of the nine abdominal regions are the injured ribs loeated? 


2. Ms. D had a history of gallstones. One of her symptoms was referred pain between the shoulder 

blades. The adjeetive deseribing the shoulder blade is_ 

3. The operation to remove these stones involved the upper right part of the abdominal eavity. 

Which abdominal division is this?_ 

4. Ms. C is eight weeks’ pregnant. Her uterus is still eonfined to the most inferior division of the 

abdomen. This eavity is ealled the_ 

5. Ms. C is experiencing heartburn as a result of her pregnaney. The diseomfort is found just below 

the breastbone in the_ 

6. When she went into labor, she experienced signifieant pain in the small of her baek. What is the 

anatomieal adjeetive deseribing this region?_ 

7. Following the birth of her ehild, Ms. C opted for a tubal ligation. The doetor threaded a fiber- 

optie deviee through a small ineision in her navel as part of the surgery. Ms. C will now have a 
very small ineision in which of the nine abdominal regions?_ 

> Group C: Body Systems 

The triage nurse in the emergeney room was showing a group of students how she assessed patients 
with disorders in different body systems. Study eaeh situation, and answer the following questions 
based on your knowledge of the 11 body systems. 

1. One person was eomplaining of dizziness and blurred vision. Vision is eontrolled by the 


2. One person had been injured in a snowboarding aeeident, spraining his wrist joint. The wrist 

joint is part of the_ 

3. A woman had attempted a particularly onerous yoga pose and felt a sharp pain in her left 
thigh. Now she is limping. The nurse suspected a tear to structures belonging to the 
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4. An extremely tall individual entered the elinie, eomplaining of a headaehe. The nurse suspected 

that he had excess production of a particular hormone. The speeialized glands that synthesize 
hormones make up the_ 

5. A middle-aged woman was brought in unable to move the right side of her body. The nurse felt 

that a blood elot in a blood vessel of the brain was producing the symptoms. Blood vessels are 
part of the_ 

6. A man eomplaining of pain in the abdomen and vomiting blood was brought in by his family. A 

problem was suspected in the system responsible for taking in food and eonverting it to usable 
products. This system is the_ 

7. Eaeh elient was assessed for ehanges in the eolor of the outer eovering of the body. The outer 

eovering is ealled the skin, which is part of the_ 

8. A young woman was experiencing pain in her pelvie region. The doetor suspected a problem 

with her ovaries. The ovaries are part of the_ 

9. An older man was experiencing difficulty with urination. The production of urine is a function 

of the_ 

III. SHORT ESSAYS 

1. Compare and eontrast the terms anabolism and eatabolism. List one similarity and one differenee. 


2. What is homeostasis, and how does negative feedbaek help maintain it? 


3. Explain why speeialized terms are needed to indieate different positions, regions, and direetions 
within the body. Provide a eonerete example. 
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CONCEPTUAL THINKING 


1. In the lines below, rewrite this deseription replaeing all underlined words with preeise anatomie 
terms. 

“A 40-year-old man was brought into the ER suffering from multiple wounds. One laeeration 
was in the shoulder blade region, just above a mole. The seeond was in his ealf region, farther 
from the midline than a sear from a previous injury. Finally, he had rmdtiple small cuts extend- 
ing from the abdominal region just below his sternum to the region overlving his left hip bone .” 


2. Look baek at the ease study at the beginning of the ehapter, and answer the following questions. 

a. What was the main ehallenge to Mike’s homeostasis (hint: the numbers involved are 80 

and 40)? 

b. How did his heart try to eompensate for this ehallenge? 
e. Which body system eontains the heart? 

d. Find two medieal interventions performed by the paramedies that helped Mike deal with his 
homeostatie ehallenge. 





3. A disease at the ehemieal level ean have an effeet on the whole body. That is, a ehange in a 
ehemieal affeets a eell, which alters the hmetioning of a tissue, which disrupts an organ, which 
dismpts a system, which results in body dyshmetion. Illustrate this eoneept by rewriting the 
following deseription in your own words using the different levels of organization in order of 
complexity: ehemieal, eell, tissue, organ, system, and body (hint: blood is a tissue). Your answer 
should address the following issues: (a) Which of the bold terms applies to eaeh level of orga- 
nization? (b) Which level of organization is not explicitly stated in the question? 
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Mr. S. experiences pain throughout his body. The movement of blood through his blood ves- 
sels is impaired. His blood eells are misshapen. A ehemieal found in red blood eells ealled 
hemoglobin is abnormal. 


4. Read the following deseription carefully. Then, identify the eomponents of the negative feed- 
baek loop by writing the eorreet bolded term in eaeh blank. NOTE: you will not use all of the 
bolded terms. 

Vietoria was at the doetor’s ofhee for her annual checkup. As she was lying on the bed, her sys- 
tolie blood pressure was measured at 110 mm Hg. Her physieian was happy with the reading, 
mentioning that the average systolie blood pressure for a woman her age was between 100 mm 
Hg and 120 mm Hg. When Vietoria stood up, she felt dizzy for a seeond but then reeovered. 
The physieian reassured her, mentioning that baroreeeptors found in some of her arteries were 
able to deteet the deerease in blood pressure that happens when we stand up. The vasomotor 
eenter in her brain inereases heart rate in response to low blood pressure. 

a. regulated parameter(s)_ 

b. sensor(s)_ 

e. effeetor(s)_ 

d. eontrol eenter(s)_ 

e. setpoint_ 


Expanding Your Horízons 

As a student of anatomy and physiology, you have joined a community of seholars stretehing baek 
into prehistory. The history of biologieal thought is a faseinating one, full of murder and intrigue. 
We think that seientifie knowledge is entirely objeetive. However, as the books below will show, 
theories of anatomy, physiology, and disease depend upon soeietal faetors such as eeonomie elass, 
religion, and gender issues. 


■ Endersby J. A Guinea Pig’s History of Biology. Cambridge, MA: Harvard EJniversity Press; 2009. 

■ History of Anatomy. Available at: http://www.historyworld.net/wrldhis/PlainTextHistories.asp?groupid=44&HistoryID=aa 
05<Srgtrack=pthc 

■ Luft EVD. History of Anatomy and Physiology: The Classical and Medieval Periods. Available at: http://www.bookrags. 
com/research/history-of-anatomy-and-physiology-t-wap/ 

■ Magner LN. A History of the Life Seienees. Boea Raton, LL: CRC Press; 2003. 


0 ve rvi e w 


Chemistry is the physieal seienee that 
deals with the eomposition of matter. 
To appreeiate the importanee of ehem- 
istry in the held of health, it is neees- 
sary to know about elements, atoms, 
molecules, compounds, and mixtures. 
An element is a substance eonsist- 
ing of just one type of atom. Although 
exceedingly small partieles, atoms pos- 
sess a defmite structure. The nucleus 
eontains protons and neutrons, and 
the element’s atomie number indieates 
the number of protons in its nucleus. 
The eleetrons surround the nucleus 
where they are arranged in speeihe 
orbits ealled energy levels. 

If an atom does not have enough 
eleetrons to hll its outermost energy 
level, it will interaet with other atoms, 
forming a ehemieal bond. The transfer 
of eleetrons from one atom to another 
results in an ionie bond. The partieipat- 
ing atoms now have an uneven number 
of protons and eleetrons, so they have 
an eleetrie eharge and are ealled ions. 
Ions serve many important roles in the 
body. ionieally bonded substances tend 
to separate into their eomponent ions 
in solution. Bonds that form when two 
atoms share eleetrons between them are 
ealled eovalent bonds. Covalent bonds 
are usually very strong; they result in 
the formation of molecules. The atoms 
in the molecule may be alike (as in the 
oxygen molecule, O ) or different (as in 
water, H 2 0). A compound is any sub- 
stanee eomposed of more than one type 
of atom. So, oxygen (0 2 ) is a molecule 
but not a compound, but NaCl (which is 
formed by ionie bonds) is a compound 
but not a molecule. A eombination of 
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substances, eaeh of which retains its separate properties, is a mixture. Mixtures include solutions, 
such as salt water, and suspensions. 

Water is a vital substance eomposed of hydrogen and oxygen. It makes up more than half of the 
body and is needed as a solvent and a transport medmm. Hydrogen, oxygen, earbon, and nitrogen 
are the elements that constitute about 96% of living matter, whereas ealemm, sodmm, potassmm, 
phosphorus, sulfur, ehlorine, and magnesium account for most of the remaining 4%. 

Inorganie compounds include aeids, bases, and salts. Aeids are compounds that ean release 
hydrogen ions (H + ) when dissolved in water. Bases ean aeeept (bind with) hydrogen ions and usu- 
ally eontain the hydroxide ion (OH“). The pH seale is used to indieate the strength of an aeid or 
base. Salts are formed when an aeid reaets with a base. The eomponents of a salt are always joined 
by ionie bonds. 

Isotopes are forms of elements that vary in neutron number. Isotopes that give off radiation are 
said to be radioaetive. Because they ean penetrate tissues and ean be traeed in the body, they are 
useful in diagnosis. Radioaetive substances also have the ability to destroy tissues and ean be used 
in the treatment of many types of eaneer. 

Proteins, earbohydrates, and lipids are the organie compounds eharaeteristie of living organisms. 
Eaeh type of organie compound is built from eharaeteristie building bloeks. Enzymes, an important 
group of proteins, function as eatalysts in metabolism. Nucleotides are a fourth type of organie 
compound. Important molecules built from nucleotides include DNA, RNA, and ATP. 


Addressing the Learning Objeetives 

1. DEFINE A CHEMICAL ELEMENT. 

See Exercise 2-1. 

2. DESCRIBE THE STRUCTURE OF AN ATOM, 

EXERCISE 2-1 

Write the appropriate term in eaeh blank from the list below. Not all terms will be used. 
nucleus proton element eleetron 

neutron atom energy level 

1. A positively eharged partiele inside the atomie nucleus _ 

2. The smallest eomplete unit of matter _ 

3. An uncharged partiele inside the atomie nucleus _ 

4. A substance eomposed of one type of atom _ 

5. The part of the atom eontaining protons and neutrons _ 

6. A negatively eharged partiele outside the atomie nucleus _ 
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EXERCISE 2-2: Parts of the Atom, Molecule of Water (Text Figs. 2-2 and 2-6) 


1. This figure illustrates two hydrogen 
atoms and one oxygen atom. Write the 
names of the parts of the atom (eleetron, 
proton, neutron) on the appropriate lines 
in different, darker eolors. 

2. Color the eleetrons, protons, and neutrons 
on the figure in the appropriate eolors. 
You should find 10 eleetrons, 10 protons, 
and 8 neutrons in total. 

3. Use two eontrasting, light eolors to shade 
the first energy level (4) and the seeond 
energy level (5). 

1 _ 

2 _ 

3 _ 

4 _ 



5_ 

3. DIFFERENTIATE BETVVEEN I0NIC AND C0VALENT BONDS. 


See Exercise 2-3. 

4. DEFINE AN ELECTR0LYTE. 

EXERCISE 2-3 

Write the appropriate term in eaeh blank from the list below. 
eations ionie nonpolar eovalent 

eleetrolytes anions polar eovalent 

1. Negatively eharged ions 

2. A bond formed by the equal sharing of eleetrons between two 
atoms 

3. Compounds that form ions when in solution 

4. Positively eharged ions 

5. A bond formed by the transfer of eleetron(s) from one atom 
to another 

6. A bond formed by the unequal sharing of eleetrons between 
two atoms 
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5. DIFFERENTIATE BETWEEN MOLECULES AND C0MP0UNDS, 

EXERCISE 2-4 

Fill in the blank after eaeh statement—does it apply to molecules (M), compounds (C), or 
both (B)? 

1. Contain two or more atoms _ 

2. Contain two identieal atoms _ 

3. Always eontain two different atoms _ 

4. Can eonsist of two identieal eovalently bonded atoms _ 

5. Can eonsist of two different eovalently bonded atoms _ 

6. Can eonsist of two different ionieally bonded atoms _ 


6. DEFINE MIXTURE; LIST THE THREE TYPES OF MIXTURES f AND GIVE TW0 EXAMPLES 
OFEACH, 

EXERCISE 2-5 

Write the appropriate term in eaeh blank from the bst below. Not all terms will be used. 
solution suspension solute solvent 

aqueous mixture eolloid 

1. The substance in which another substance is dissolved _ 

2. A substance that is dissolved in another substance _ 

3. A mixture in which substances will settle out unless the 

mixture is shaken _ 

4. Term used to deseribe a solution mostly formed of water _ 

5. Cytosol and blood plasma are examples of this type of 

suspension _ 

6. Any eombination of two or more substances in which eaeh 

constituent maintains its identity _ 

7. EXPLAIN WHY WATER IS SO IMPORTANT IN METABOLISM, 

EXERCISE 2-6 

Which of the following properties are NOT true of water? There is one eorreet answer. 

a. All substances ean dissolve in water. 

b. Water partieipates in ehemieal reaetions. 

e. Water is a stable liquid at ordinary temperatures. 
d. Water earries substances to and from eells. 
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8. C0MPARE ACIDS f BASES, AND SALTS> 

See Exercise 2-7. 

9. EXPLAIN H0W THE NLIMBERS ON THE pH SCALE RELATE TO ACIDITY AND ALKALINITY, 

See Exercise 2-7. 

10. EXPLAIN WHY BLIFFERS ARE IMPORTANT IN THE BODY> 

EXERCISE 2-7 

Use the terms below to eomplete the paragraph. Not all terms will be used. 
pH seale salt aeid base hydroxide 

hydrogen high low buffer alkali 

Any substance that ean release a hydrogen ion is ealled a(n) (1)_Any substance that 

ean aeeept a hydrogen ion is ealled a(n) (2)_or a(n) (3)_Many of these 

eontain a(n) (4)_ion. A reaetion between a hydrogen-aeeepting substance and a hydro- 

gen-releasing substance produces a(n) (5)_The (6)_measures the eoneen- 

tration of hydrogen ions in a solution. A solution with a large eoneentration of hydrogen ions will 

have a(n) (7)_pH; a solution with a large eoneentration of hydroxide ions will have a(n) 

(8)_pH. A substance that helps maintain a stable hydrogen ion eoneentration in a solu- 

tion is ealled a(n) (9)_; these substances are eritieal for health. 

11. DEFINE RADIOACTIVITY, AND CITE SEVERAL EXAMPLES 0F H0W RADI0ACTIVE 

SUBSTANCES ARE USEP IN MEDKINE. 

EXERCISE 2-8 

Which of the following statements about radioaetivity are TRUE? There are four right answers. 

a. All isotopes are radioaetive. 

b. Isotopes have the same atomie weight. 

e. Isotopes have the same number of protons. 

d. Isotopes have the same number of eleetrons. 

e. Isotopes have the same number of neutrons. 

f. Radioaetive isotopes disintegrate easily. 

g. Radioaetive isotopes ean be used for diagnosis and treatment. 

12. NAME THE THREE MAIN TYPES 0F 0RGANIC C0MP0UNDS AND THE BUILDING 

BL0CKS 0F EACH. 

EXERCISE 2-9 

Write the appropriate term in eaeh blank from the list below. Not all terms will be used. 
earbon protein amino aeid phospholipid earbohydrate 

monosaeeharide steroid disaeeharide nitrogen 
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1. A birilding bloek always eontaining nitrogen _ 

2. The nutrient formed by amino aeids _ 

3. A lipid eontaining a ring of earbon atoms _ 

4. A lipid that eontains phosphoms in addition to earbon, 

hydrogen, and oxygen _ 

5. A eategory of organie compounds that includes simple 

sugars and starehes _ 

6. The element found in all organie compounds _ 

7. A building bloek for complex earbohydrates _ 

EXERCISE 2-10: Carbohydrates (Text Fig. 2-8) 

1. Write the terms disaeeharide, monosaeeharide , and polysaeeharide in the appropriate numbered 
boxes 1 to 3. 

2. Write the terms snerose, glyeogen, and glucose in the appropriate mtmbered boxes 4 to 6 in dif- 
ferent eolors. 

3. Color the glucose, sucrose, and glyeogen molecules with the eorresponding eolors. To simplify 
your diagram, only use the glucose eolor to shade the glucose molecule in the monosaeeharide. 


o- © 
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EXERCISE 2-11: Lipids (Text Fig. 2-9) 

1. Write the terms fatty aeids and glyeerol on the appropriate lines in two different eolors. 

2. Find the boxes surrounding these two eomponents on the diagram, and eolor them lightly in 
the appropriate eolors. 

3. Write the terms eholesterol and triglyeeride in the boxes under the appropriate diagrams. 

1 _ 

2 _ 



CH 3 H 

H — C — CH 2 — ch 2 — ch 2 — C — CH 3 
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EXERCISE 2-12: Proteins (Text Fig. 2-10) 

1. Write the terms aeid group and amino group on the appropriate numbered lines in different 
eolors. 

2. Find the shapes surrounding these two eomponents on the diagram, and eolor them lightly in 
the eorresponding eolors. 

3. Plaee the following terms in the appropriate numbered boxes: helix, amino aeid, globular pro- 
tein, fibrous protein. 



0 


© 
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13. DEFINE ENZYME ; DESCRIBE HOW ENZYMES WORK. 

EXERCISE 2-13: Enzyme Aetion (Text Fig. 2-11) 

1. Write the terms enzyme, substrate 1, and substrate 2 on the appropriate mtmbered lines in dif- 
ferent eolors (red and blue are reeommended for the substrates). 

2. Color the structures on the diagram with the eorresponding eolors. 

3. What eolor will result from the eombination of your two substrate eolors? Write “product” in 
this eolor on the appropriate line, and then eolor the product. 

1 _ 

2 _ 

3 _ 

4 _ 



14. LIST THE COMPONENTS OF NUCLEOTIDES, AND GIVE SOME EXAMPLES 

OF NUCLEOTIDES. 


EXERCISE 2-14 

Complete the following table by providing the missing information. 


Building Bloeks 

Finished Product 

Purpose of Finished 

Product or Example 


Triglyeeride (simple fat) 

Purpose: 

Two monosaeeharides 


Example: 

One monosaeeharide 

Monosaeeharide 

Example: 

Many monosaeeharides 


Examples: stareh, glyeogen 


Protein 

Purpose: 

One nucleotide eontaining 
three phosphate groups 


Purpose: 


DNA or RNA 

Purpose: 
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EXERCISE 2-15 

Fill in the blank after eaeh eomponent—does it apply to an amino aeid (A) or a nucleotide (N)? 

1. Phosphate group _ 

2. Amino group _ 

3. Nitrogenous base _ 

4. Sugar _ 

5. Aeid group _ 

6. Side ehain (R group) _ 

15. USE THE CASE STUDY TO DISCUSS THE IMPORTANCE OF REGULATING BODY FLUID 

QUANTITY AND C0MP0SITI0N. 

EXERCISE 2-16 

Use the terms below to eomplete the paragraph. Not all terms will be used. 

potassium inereased deereased sodium high blood pressure low blood pressure 

Margaret Ringland presented many signs of dehydration. Without adequate water, her blood vol- 

ume (1) _, resulting in hypotension, or (2)_ 

Her body tried to eompensate, so it (3)_her heart rate. Without enough 

water, the eoneentration of (4)_, abbreviated as Na + , was elevated. 

16. SH0W H0W W0RD PARTS ARE USED TO BUILD W0RDS RELATED TO CHEMISTRY f 

MATTER, AND LIFE. 

EXERCISE 2-17 

Complete the following table by writing the eorreet word part or meaning in the spaee provided. 
Write a word that eontains eaeh word part in the “Example” column. 

Word Part Meaning Example 

1. _ fear _ 

2. _ to like _ 

3. glye/o _ _ 

4. _ different _ 

5. hydr/o _ _ 

6. hom/o- _ _ 

7. _ many _ 

8. -ase 

9. saeehar/o 
10 . 
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together 
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Making the Connections 

The following eoneept map deals with the three major types of nutrients. Complete the eoneept 
map by hlling in the blanks with the appropriate word or term. 


All organie eompoiinds eontain the element 


o 


Carbohydrates 


eontaining one 
subunit are ealled 


© 


the most eommon 
of vvhieh is 


© 



The three main types are 


Lipids 


the most 
abundant form 


© 


. 1 

vvhieh are eomposed 

L of one 

■ II 


. 1 

^ and three 





© 


© 


are eomposed of 
monomers ealled 


ending in 


u 




are ealled 


Optional Exercise: Make your own eoneept map based on the ehemistry of the body. Use the fol- 
lowing terms and any others you would like to include: atom, nucleus, eleetron, proton, neutron, 
energy level, eovalent bond, and ionie bond. 


Testing your Knovvledge 

BLIILDING IJNDERSTANDING 
I. MULTIPLE CH0ICE 

Seleet the best answer. 

1. Which of these terms best deseribes a solution with a pH of 3? 1. 

a. basie 

b. aeidie 
e. neutral 

d. hydrophobie 

2. Which of these terms deseribes the smallest partiele of an element 

that has all the properties of that element? 2. 

a. proton 

b. neutron 

e. eleetron 
d. atom 
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3. Which of these terms deseribes the partiele that residts when 

an eleetron is added to an atom? 3. 

a. proton 

b. anion 
e. eation 

d. eleetrolyte 

4. Which of these phrases best deseribes the different orbits 

that eleetrons ean occupy? 4. 

a. energy levels 

b. ellipses 

e. pathways 

d. isotopes 

5. What sort of macromolecule is ATP? 5. 

a. protein 

b. amino aeid 

e. nucleotide 

d. lipid 

6. Which of these is a building bloek for lipids? 6. 

a. amino aeids 

b. free fatty aeids 

e. nucleotides 

d. monosaeeharides 

7. Which of these phrases best deseribes eovalent bonds? 7. 

a. usually formed between two ions 

b. ean be elassified as polar or nonpolar 

e. never used in organie molecules 

d. usually very unstable 

8. What type of solution results when salt eompletely dissolves 

in water? 8. 

a. eolloid 

b. suspension 

e. aqueous solution 

d. isotope 

9. What is an alternate term for a complex earbohydrate? 9. 

a. polysaeeharide 

b. lipid 

e. inorganie molecule 

d. isotope 

10. ehlorine is an atom with seven atoms in its outermost 

energy level. What is its valenee? 10. 

a. zero 

b. one 

e. seven 
d. eight 
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II. C0MPLETI0N EXERCISE 

Write the word or phrase that eorreetly eompletes eaeh sentenee. 

1. All organie eompoimds eontain the element_ 

2. The nrnnber of eleetrons lost or gained by an atom in a ehemieal reaetion is ealled its 

■ • 

3. Water ean dissolve many different things. For this reason, it is ealled 

the_ 

4. The atoms in hydrogen gas (H 2 ) and in water (H 2 0) are joined together by eovalent bonds. Both 

of these substances are thus eomposed of_ 

5. An isotope that disintegrates, giving off rays of atomie partieles, is said to 

be_ 

6. A mixture that is not a solution but does not separate because the partieles in the mixture are 

so small is a(n)_ 

7. Many essential body aetivities depend on eertain compounds that form ions when in solution. 

Such compounds are ealled_ 

8. The name given to a ehemieal system that prevents ehanges in hydrogen ion eoneentration is 

■ • 

9. The study of the eomposition and properties of matter is ealled_ 

10. Metabolie reaetions require organie eatalysts ealled_ 

LINDERSTANDING C0NCEPTS 
I. TRIJE/FALSE 

For eaeh statement, write T for true or F for false in the blank to the left of eaeh number. If a state- 
ment is false, eorreet it by replaeing the underlined term, and write the eorreet statement in the 
blank below the statement. 

_ 1. Sodium ehloride (NaCl) is an example of an element . 


2. If a neutral atom has 12 protons, it will have H eleetrons. 


3. An atom with an atomie number of 22 will have 22 protons. 
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_ 4. Sugar dissolves easily in water. Sugar is thus an example of a hvdrophobie substance. 

_ 5. When table salt is dissolved in water, the sodium ion donates one eleetron to the ehlo- 

ride ion. The ehloride ion has 17 protons, so it will have 16 eleetrons. 

_ 6. You put some soil in water and shake well. After 10 minutes, you note that some of the 

dirt has settled to the bottom of the jar. With respeet to the dirt at the bottom of the jar, 
your mixture is a eolloid . 

_ 7. A pH of 7.0 is basie. 

_ 8. Oxygen gas is eomposed of two oxygen atoms bonded by the sharing of eleetrons. 

Oxygen gas is formed by polar eovalent bonds . 

_ 9. Glyeogen, a polysaeeharide. is eomposed of many glucose molecules. 

_10. Nucleotides eontain three building bloeks: a nitrogenous base, a sugar, and an amino 

aeid . 

II. PRACTICAL APPLKATIONS 

Study eaeh discussion. Then write the appropriate word or phrase in the spaee provided. 

1. Young Ms. M was experiencing intense thirst and was urinating more than usual. Her doetor 

suspected that she might have diabetes mellitus. This diagnosis was eonfirmed by finding of 
ketones in her urine. Ketones result from the partial breakdown of fatty aeids. Fatty aeids, along 
with glyeerol, form simple fats, which are also known as_ 

2. The pH of Ms. M’s urine was lower than normal, refleeting the presenee of the ketones. 
Ketones release hydrogen ions when dissolved in water, so they ean be deseribed as 

■ • 

3. The presenee of ketones ehanged the pH of Ms. M’s urine. The pH of her urine was 
_than normal. 

4. Ms. M’s urine also eontained large amounts of glucose. Eaeh glucose molecule eonsists of a 

single sugar unit, so glucose is an example of a(n)_ 

5. Because of Ms. M’s excessive urination, she was suffering from dehydration. Her 
intense thirst refleets a shortage of the most abundant compound in the body, which is 
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6. Mr. Q has been experiencing diarrhea, intestinal gas, and bloating whenever he drinks 
milk. He was diagnosed with a defieieney in an enzyme ealled laetase, which digests 
the sugar in milk. Enzymes, like all proteins, are eomposed of building bloeks ealled 

■ • 

7. Daredevil Mr. L was riding his skateboard on a high wall when he fell. He had pain and swell- 
ing in his right wrist. His examination included a procedure in which rays penetrate body tis- 
sues to produce an image on a photographie plate. The rays used for this purpose are ealled 

■ • 

8. Ms. E was given an intravenous solution, eontaining sodium, potassium, and ehloride ions. 
These elements eome from salts that separate into ions in solution and are referred to as 

i • 

III. SHORT ESSAYS 

L Deseribe the structure of a protein. Make sure you include the following terms in your answer: 
globular protein, fibrous protein, helix, protein, peptide bond, and amino aeid. 


2. What is the differenee between a solvent and a solute? Name the solvent and the solute in salt 
water. 


3. Why is the shape of an enzyme important in its hmetion? 
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4. Compare and eontrast eolloids and suspensions. Name at least one similarity and one differenee. 


CONCEPTUAL THINKING 

1. Using the periodie table of the elements in Appendix 1 of the textbook, answer the following 
questions: 

a. How many protons does calcium (Ca) have?_ 

b. How many eleetrons does nitrogen (N) have?_ 

e. Phosphorus (P) exists as many isotopes. One isotope is ealled P 32 , based on its atomie weight. 
The atomie weight ean be calculated by adding up the number of protons and the number of 

neutrons. How many neutrons does P 32 have?_ 

d. How many eleetrons does the magnesium ion Mg 2+ have? (The 2+ indieates that the magne- 
sium atom has lost two eleetrons)._ 

2. There is much more variety in proteins than in complex earbohydrates. Explain why. 


3. Read eaeh of the following deseriptions. State whether eaeh deseription pertains to molecules 
(M), compounds (C), and/or eleetrolytes (E) by writing the eorreet letter(s) in the blanks. More 
than one term may apply to eaeh deseription. 

a. Hydroehlorie aeid (HC1) dissoeiates eompletely into an H + ion and a Cl“ ion when dissolved 

in water._ 

b. Methane (CH ) eontains one atom of earbon that forms nonpolar eovalent bonds with four 

different hydrogen atoms._ 

e. Nitrous oxide (N O) is also known as laughing gas. It eonsists of one nitrogen atom that 
forms polar eovalent bonds with two different oxygen atoms_ 

d. If nitrogen gas (N 2 ) is eooled to a very low temperature, it forms a liquid that ean freeze a 

grape solid in two seeonds_ 

4. During the birth of his first ehild, joaehim begins to hyperventilate (breathe very deeply and 
rapidly) with excitement. His blood pH reading is 7.58. Follow the procedure in the One Step 
at a Time box to answer these questions. 

a. Are solutions with this pH eonsidered to be basie (alkaline) or aeidie? 

b. Does his blood eontain more hydrogen ions or more hydroxide (OH-) ions? 

e. The normal pH range for blood is 7.35 to 7.45. Does his blood eontain more or fewer hydro- 
gen ions than normal? 
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Expanding Your Horìzons 

1. You may have read the term antioxidant in newspaper artieles or on the Web. But what is an 
antioxidant, and why do we want them? An understanding of atomie structure is required to answer 
this question. Radiation or ehemieal reaetions ean cause molecules to piek up or lose an eleetron, 
resulting in an unpaired eleetron. Molecules with unpaired eleetrons are ealled free radieals. 
For instanee, an oxygen molecule ean gain an eleetron, resulting in superoxide (O "). Most free 
radieals produced in humans eontain oxygen, so they are ealled reaetive oxygen speeies (ROS). 
Unpaired eleetrons are very unstable; thus, free radieals steal eleetrons from other substances, 
eonverting them into free radieals. This ehain reaetion dismpts normal eell metabolism and ean 
result in eaneer and other diseases. Antioxidants, including vitamin C, give up eleetrons without 
eonverting into free radieals, thereby stopping the ehain reaetion. The referenees listed below will 
tell you more about free radieals and antioxidants. 


■ Brown K. A radieal proposal. Sei Am Presents 2000;11:38-43. 

■ National Cancer Institute. Antioxidants and eaneer prevention. Available at: http://www.cancer.gov/cancertopics/ 
factsheet/prevention/antioxidants 

■ Waris G, Ahsan H. Reaetive oxygen speeies: role in the development of eaneer and various ehronie eonditions. 

J Carcinog 2006;5:14. Available at: http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1479806/ 

2. Proteins are the “nanomaehines of life,” aeeomplishing all of the functions needed to keep us 
alive. For deeades, seientists have tried to ereate synthetie proteins of a particular shape to serve 
a particular function, such as bloeking the sites the eholera toxin uses to ereate diarrhea. But 
despite extensive efforts, seientists still have no way of predieting the final shape of a protein 
based on its amino aeid sequence. Without this information, it is difficult to develop proteins to 
serve a particular purpose. Seientists are turning to synthetie building bloeks ealled bis-amino 
aeids that assume more predietable eonformations when they are joined together. You ean read 
more about the prospeets of these “molecular lego bloeks” in the referenee below. 


■ Sehafmeister CE. Molecular Lego. Sei Am 2007;296:76-82B. 
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The eell is the basie imit of life; all life 
aetivities result from the aetivities of 
eells. The study of eells began with the 
invention of the light mieroseope and 
has continued with the development 
of eleetron mieroseopes. Cell functions 
are earried out by speeialized struc- 
tures within the eell ealled organelles. 
These include the nucleus, ribosomes, 
mitoehondria, Golgi apparatus, endo- 
plasmie reticulum (ER), lysosomes, 
peroxisomes, and eentrioles. Two spe- 
eialized organelles, eilia and flagella, 
function in eell loeomotion and the 
movement of materials aeross the eell 
surface. 

The plasma (eell) membrane is 
important in regulating what enters 
and leaves the eell. Lipid-soluble sub- 
stanees ean pass through freely, so their 
movement eannot be regulated. Water- 
soluble substances (including water) 
ean only pass through the membrane 
via speeifie transporters or ion ehan- 
nels. Even if the membrane is perme- 
able to a substance, the substance will 
only eross the membrane in response 
to a foree. The foree is frequently a 
gradient, which is a differenee in a 
particular quality on the two sides of 
a membrane. For instanee, diffusion, 
which is the movement of partieles 
from an area where they are in higher 
eoneentration to an area where they are 
in lower eoneentration, uses the foree 
of a eoneentration gradient. 

Osmosis moves water down its eon- 
eentration gradient with the aid of 
membrane proteins ealled aquaporins. 
Sinee the water and solute eoneentra- 
tions are inversely related, water moves 
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from the area of low solute eoneentration to the region with a high solute eoneentration. Osmosis 
ehanges eell volume, so it must be prevented by keeping eells in solutions that have the same over- 
all solute eoneentration as the eytosol. If the eell is plaeed in a solution of higher eoneentration, a 
hypertonie solution, it will shrink; in a solution of lower eoneentration, a hypotonie solution, it 
will swell and may burst. Filtration uses pressure gradients to move substances from an area of high 
pressure to one of lower pressure. 

Other modes of transport use cellular energy to provide the foree. Aetive transport uses ATP and 
speeialized transporters to move substances against the eoneentration gradient (from low eoneen- 
tration to high). Energy is also used to move large partieles and droplets of fluid aeross the plasma 
membrane by the proeesses of endoeytosis and exocytosis. Concentration gradients and mem- 
brane permeability are not relevant to these vesiele-mediated proeesses. 

An important eell function is the manufacture of proteins, including enzymes (organie eatalysts). 
Protein manufacture is earried out by the ribosomes in the eytoplasm aeeording to information 
eoded in the deoxyribonucleic aeid (DNA) of the nucleus. Speeialized molecules of ribonucleic aeid 
(RNA), ealled messenger RNA, play a key role in the proeess by earrying eopies of the information 
in DNA to the ribosomes. DNA is also involved in the proeess of eell division or mitosis. Before eell 
division ean occur, the DNA must double itself by the proeess of DNA replieation, so eaeh daughter 
eell produced by mitosis will have exactly the same kind and amount of DNA as the parent eell. 

Any ehange in DNA sequence is ealled a mutation. Some mutations harm eells, and accumulated 
mutations ean lead to eaneer. 


Addressing the Learning Objeetives 

1. LIST THREE TYPES OF MICR0SC0PES USED TO STUDY CELLS. 

EXERCISE 3-1 

Write the appropriate term in eaeh blank from the list below. Not all terms will be used. 
compound light mieroseope mierometer eentimeter 

seanning eleetron mieroseope transmission eleetron mieroseope 

1. 1/1,000 of a millimeter _ 

2. Mieroseope that provides a three-dimensional view of an objeet _ 

3. The most eommon mieroseope, which magnifies an objeet up to 

1,000 times _ 

4. A mieroseope that magnifies an objeet up to 1 million times _ 
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2. DESCRIBE THE COMPOSITION AND FUNCTIONS OF THE PLASMA MEMBRANE. 

EXERCISE 3-2: Structure of the Plasma Membrane (Text Fig. 3-3) 

1. Write the name of eaeh labeled membrane eomponent on the numbered lines in different eolors. 
Choose a light eolor for eomponent 3. 

2. Color the different structures on the diagram with the eorresponding eolor (except for struc- 
tures 6 to 8). Color every example of eomponents 1 through 5, not just those indieated by the 
leader lines. For instanee, eomponent 1 is found in three loeations. 


1 . 

2 . 

3. 

4 . 

5. 

6 . 

7. 

8 . 


o 



o 


0 
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EXERCISE 3-3: Membrane Proteins (Table 3-1) 

1. Write the appropriate membrane protein fimetion in boxes 1 to 6 in different eolors. 

2. Color the protein in eaeh diagram the eorresponding eolor. 
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3. DESCRIBE THE CYTOPLASM OF THE CELL, AND CITE THE NAMES AND FUNCTIONS OF 
THE MAIN ORGANELLES. 

EXERCISE 3-4: Typieal Animal CeU Showing the Main Organelles (Text Fig. 3-2) 


1. Write the name of eaeh labeled part on the mrmbered lines in different eolors. Make sure you 
use light eolors for structures 1 and 7. 

2. Color the different structures on the diagram with the eorresponding eolors. 

Note: Parts 12 and 15 have the same appearanee in this diagram; write the name of one of the 
possible options in blank 12 and the other in blank 15. 


1 


2 


3 


4 


5. 


6 . 


7. 


8 . 


9 


10 


11 . 


12 


13 



14 




15 


14 


15 
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EXERCISE 3-5 

Write the appropriate term in eaeh blank from the list below. Not all terms will be used. 
lysosome nucleolus eilia ribosome 

mitoehondrion nucleus Golgi apparatus vesiele 

1. A structure that assembles ribosomes _ 

2. A structure that assembles amino aeids into proteins _ 

3. A set of membranes involved in paekaging proteins for export _ 

4. A small saelike structure used to transport substances within 

the eell _ 

5. A membranous organelle that generates ATP _ 

6. A small saelike structure that degrades waste products _ 

7. The site of DNA storage _ 

4. DESCRIBE METHODS BY WHICH SUBSTANCES ENTER AND LEAVE CELLS THAT DO NOT 
REQUIRE CELLULAR ENERGY, 

See Exercise 3-7. 

5. EXPLAIN WHAT WILL HAPPEN IF CELLS ARE PLACED IN S0LUTI0NS WITH 
CONCENTRATIONS THE SAME AS OR DIFFERENT FROM THOSE OF THE CYTOPLASM, 

EXERCISE 3-6: The Effeet of Osmosis on Cells (Text Fig. 3-9) 

Label eaeh of the following solutions using the term that indieates the solute eoneentration in the 
solution relative to the solute eoneentration in the eell. 

1_ 

2 _ 

3_ 

O 0 © 
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6. DESCRIBE METHODS BY WHICH SUBSTANCES ENTER AND LEAVE CELLS THAT 
REQUIRE CELLULAR ENERGY, 

EXERCISE 3-7 

Write the appropriate term in eaeh blank from the list below. 
exocytosis endoeytosis aetive transport diffusion 

osmosis filtration pinoeytosis 

1. The proeess that utilizes a earrier to move materials aeross the 

plasma membrane against the eoneentration gradient using ATP _ 

2. The movement of fluids through a membrane using a pressure 

gradient _ 

3. The movement of water down its eoneentration gradient _ 

4. The movement of a solute down its eoneentration gradient _ 

5. The proeess by which a eell takes in large partieles _ 

6. The proeess by which materials are expelled from the eell 

using vesieles _ 

7. Small fluid droplets are brought into the eell using this method _ 


7. DESCRIBE THE C0MP0SITI0N f L0CATI0N f AND FUNCTI0N OF THE DNA IN A CELL. 


EXERCISE 3-8: Structure of DNA (Text Fig. 3-12C and D) 


1. Write the name of eaeh part of the DNA molecule 
on the numbered lines in eontrasting eolors. 

2. Color the different parts on the diagram with the 
eorresponding eolors. 

1 _ 

2 _ 

3 _ 

4 _ 

5 _ 

6._ 


Adenine (A) 


Cytosine (C) 



© 

© 



o 
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8. C0MPARE THE FUNCTIONS OF THREE TYPES OF RNA IN CELLS> 

See Exercise 3-9. 

9. EXPLAIN BRIEFLY H0W CELLS MAKE PROTEINS, 

EXERCISE 3-9 

Write the appropriate term in eaeh blank from the list below. Not all terms will be used. 

DNA nucleotide transeription ribosomal RNA (rRNA) 

transfer RNA (tRNA) messenger RNA (mRNA) translation 

1. The proeess by which RNA is synthesized from the DNA _ 

2. A bmlding bloek of DNA and RNA _ 

3. An important eomponent of ribosomes _ 

4. The structure that earries amino aeids to the ribosome _ 

5. The nucleic aeid that earries information from the 

nucleus to the ribosomes _ 

6. The proeess by which amino aeids are assembled into a protein _ 
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10. NAME AND BRIEFLY DESCRIBE THE STAGES IN MITOSIS. 
EXERCISE 3-10: Stages of Mitosis (Text Fig. 3-15) 

Identify interphase and the indieated stages 
of mitosis. Find the DNA in eaeh stage and 
eolor it. 

1 ._ 

2 ._ 

3. _ 

4 . _ 

5. 
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EXERCISE 3-11 

Write the appropriate term in eaeh blank from the list below. Not all terms will be used. 
mitosis anaphase telophase meiosis 

metaphase prophase interphase 

1. The proeess by which one eell divides into two identieal 

daughter eells _ 

2. The nuclear membrane reforms during this phase _ 

3. A spindle begins to form and ehromosomes eondense 

during this phase _ 

4. The phase of mitosis when ehromosomes are aligned in 

the middle of the eell _ 

5. DNA synthesis occurs during this phase _ 

6. The ehromosomes separate in this phase _ 

11. USE THE CASE STUDY TO DISCUSS THE IMPORTANCE OF THE PLASMA 

MEMBRANE TO THE FUNCTIONING OF THE BODY AS A WH0LE. 

EXERCISE 3-14 

Use the terms below to eomplete the paragraph. Not all terms will be used. 

proteasomes ehannel osmosis gene mutation DNA 

diffusion aetive transport eoneentration pressure RNA 

Cystic fibrosis results from a small ehange, or (1)_, in the substance that makes up the 

ehromosomes, known as (2)_. The ehange occurred in the small unit of heredity, or (3) 

_, eneoding a protein ealled the CFTR. The CFTR is a pore known as a (4)_, 

that enables ehloride to eross the plasma membrane. Chloride uses these pores to move down the (5) 

_gradient by the proeess of (6)_. However, in eystie fibrosis, the CFTR is 

not inserted into the plasma membrane. Instead, it is degraded by small, barrel-shaped organelles 

ealled (7)_. The laek of CFTRs in the plasma membrane deereases the movement of 

ehloride into sweat gland eells. Normally, sodium follows ehloride into sweat gland eells. So, in CF, 
sodium and water remain in the sweat gland and are seereted onto the skin surface, resulting in 
sweat that is saltier than usual. 

In the hrngs, the laek of the CFTR impedes water movement aeross plasma membranes into the 

lung passageways, a proeess ealled (8)_. Without adequate water, thiek ropy mucus ean 

bloek passageways. 
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12. SH0W H0W W0RD PARTS ARE USED TO BUILD W0RDS RELATED 

TO CELLS AND THEIR FUNCTIONS. 

EXERCISE 3-15 

Complete the following table by writing the eorreet word part or meaning in the spaee provided. 
Write a word that eontains eaeh word part in the “Example” column. 

Word Part Meaning Example 

1. phag/o _ _ 

2. _ to drink _ 

3. -some _ _ 

4. lys/o _ _ 

5. _ eell _ 

6. _ above, over, excessive _ 

7. hem/o- _ _ 

8_same, equal _ 

9. hypo- 

10 . 


in, within 
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Making the Connections 

The following eoneept map deals with the movement of materials through the plasma membrane. 
Complete the eoneept map by hlling in the appropriate word or phrase that deseribes the indieated 
proeess. 


1. Proeesses that move small quantities of material through the plasma membrane include... 


o 



requires energy 


moves material 



2. Proeesses that move large quantities of material through the plasma membrane include... 



\ 

or vesicular transport. 



Bulk movement into a eell 


Bulk movement out of a eell 




I 

Large partieles 

1 


Droplets 

® - 


Optional Exercise: Make your own eoneept map based on the eomponents of the eell. Use the 
following terms and any others you would like to include: nucleus, mitoehondria, eell membrane, 
protein, RNA, DNA, ATP, vesiele, ribosome, and ER. 
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Testìng Your Knowledge 

BLIILDING IJNDERSTANDING 
I. MULTIPLE CH0ICE 

Seleet the best answer. 

1. Which of the following organelles modihes proteins that have already 

been synthesized? 1. 

a. mitoehondrion 

b. rough endoplasmie reticulum 
e. ribosome 

d. lysosome 

2. Which of these terms deseribes the proeess of programmed eell death? 2. 

a. mitosis 

b. mutation 

e. apoptosis 

d. phagoeytosis 

3. Which of the following are required for aetive transport? 3. 

a. vesieles and eilia 

b. transporters and ATP 

e. osmotie pressure and eentrioles 

d. osmosis and lysosomes 

4. During which stage of mitosis does ehromatin eondense into 

ehromosomes? 4. 

a. metaphase 

b. anaphase 

e. prophase 

d. telophase 

5. Which of these proeesses enables large proteins to enter the eell? 5. 

a. aetive transport 

b. osmosis 

e. endoeytosis 

d. exocytosis 

6. Which type of macromolecule makes up transporters, earriers, and 

enzymes in the plasma membrane? 6. 

a. DNA 

b. protein 

e. earbohydrate 

d. phospholipid 

7. Which of the following tools has the greatest magniheation? 7. 

a. seanning eleetron mieroseope 

b. transmission eleetron mieroseope 

e. light mieroseope 
d. magnifying glass 
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8. Which of these terms deseribes a solution that causes eells to shrink 

when they are plaeed in it? 8._ 

a. isotonie 

b. hypotonie 
e. hypertonie 
d. osmotie 

II. C0MPLETI0N EXERCISE 

Write the word or phrase that eorreetly eompletes eaeh sentenee. 

1. The most abundant eation (positively eharged ion) in the extracellular fluid is 

■ • 

2. The plasma membrane eontains two major kinds of lipids: eholesterol and 

■ • 

3. The single small dark body within the nucleus is ealled the_ 

4. The four nitrogen bases found in DNA are A, T, G, and_ 

5. The four nitrogen bases found in RNA are A, C, G, and_ 

6. The assembly of an RNA strand is ealled_ 

7. The type of RNA that earries individual amino aeids is ealled_ 

8. The ehromosomes duplicate during the period between mitosis, which is ealled 

■ • 

9. A eell has four ehromosomes before entering the proeess of mitosis. After mitosis, the number 

of ehromosomes in eaeh daughter eell will be_ 

10. Movement of a fluid down a pressure gradient is ealled_ 

11. Droplets of water and dissolved substances are brought into the eell by the proeess of 

■ • 

12. Water erosses plasma membranes through speeialized ehannels ealled_ 

13. Baeteria are brought into the eell by the proeess of_ 

LINDERSTANDING C0NCEPTS 
I. TRLIE/FALSE 

For eaeh statement, write T for true or F for false in the blank to the left of eaeh number. If a state- 
ment is false, eorreet it by replaeing the underlined term, and write the eorreet statement in the 
blank below the statement. 

_1. The nucleotide sequence “ACCTG” would be found in DNA . 
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_2. A living eell (with a tonieity equivalent to 0.9% NaCl) is plaeed in a solution eontaining 

0.2% NaCl. This solution is hypertonie . 

_3. Glucose is moving into a eell down its eoneentration gradient using a earrier protein. 

Glucose is traveling by aetive transport . 

_4. A toxin has entered a eell. The eell is no longer eapable of generating ATP. The most 

likely explanation for this effeet is that the toxin has destroyed the mitoehondria . 

_5. The passage of water and dissolved materials through a membrane under pressure is 

ealled osmosis . 

_6. It is impossible to count individual ehromosomes during interphase . 

II. PRACTICAL APPLICATI0NS 

Study eaeh discussion. Then write the appropriate word or phrase in the spaee provided. The fol- 
lowing are observations you might make while working for the summer in a hospital laboratory. 

1. A sample of breast tissue that was thought to be cancerous arrived at the pathology lab. The 
milk-producing eells of the breast produce large amounts of protein. The small RNA-eontaining 

bodies that synthesize proteins are ealled_ 

2. The tissue was in a liquid ealled normal saline so that the eells would neither shrink nor swell. 

Normal saline eontains 0.9% salt and is thus eonsidered to be_ 

3. The pathologist (Dr. C) slieed the tissue very thinly and plaeed it on a mieroseope slide, but he 
was unable to see anything. Unfortunately, he had forgotten to add a dye to the tissue. These 

speeial dyes are ealled_ 

4. Dr. C went baek to his beneh in order to get the neeessary dye. He notieed that there were 
many impurities floating in the dye, and he deeided to sereen them out. He separated the 
solid partieles from the liquid by foreing the liquid through a membrane, a proeess ealled 

■ • 

5. Dr. C was clumsy and aeeidentally spilled the dye into a sink full of dishes. The water in the 
sink rapidly turned pink. The dye molecules had moved through the water by the proeess of 

■ • 

6. Dr. C made up some new dye and treated the tissue. Finally, the tissue was ready for examination. 

The type of mieroseope that uses light to view stained tissues is ealled_ 
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7. The pathologist looked at the tissue and notieed that the nuclei of many eells were in the 

proeess of dividing. This division proeess is ealled_ 

8. Some eells were in the stage of eell division ealled prophase. The DNA was eondensed into 

structures ealled_ 

9. Dr. C sent a sample to a laboratory that speeialized in identifying alterations in gene structure. 

These alterations are ealled_ 

10. The teehnieians in this laboratory identified a ehange in the sequence of a speeifie gene ealled 
the BRCA-1 gene. In plaee of an A nucleotide, there was the nucleotide that normally pairs with 

eytosine (C). This nucleotide is abbreviated as_ 

III. SHORT ESSAYS 

1. Compare and eontrast aetive transport and diffusion of water-soluble substances. List at least 
one similarity and at least one differenee. 


2. You are in the hospital for a minor operation, and the teehnieian is hooking you up to an IV. He 
knows you are a nursing student and jokingly asks if you would like a hypertonie, hypotonie, or 
isotonie solution to be plaeed in your IV. Which solution would you piek? Explain your answer. 


3. List the four stages of mitosis, and briefly deseribe eaeh. 
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CONCEPTUAL THINKING 


1. Compare the structure of a eell to a faetory or a eity. Try to find eell structures that aeeomplish 
all of the different functions of the eity or faetory. 


2. Your great aunt M is 96 years old and loves to hear about what you are learning in elass. She 
reeently attended an Elderhostel eamp, where people were talking about this newfangled notion 
ealled DNA. 

a. She asks you to explain why DNA is so important. Explain the role of DNA in protein syn- 
thesis, using elear, uncomplicated language. You must define any term that your great aunt 
might not know. You ean use an analogy if you like. 


b. Next, your great aunt wonders how the proteins get out of the eell. Explain the pathway a 
protein takes from the ribosome to the blood. You ean use an illustration if you like. 


3. You are a xenobiologist studying an alien eell isolated on Mars. Surprisingly, you notiee that the eell 
eontains some of the same substances as our eells. You quantify the eoneentration of these substances 
and determine that the eell eontains 10% glucose and 0.3% calcium. The eell is plaeed in a solution 
eontaining 20% glucose and 0.1% calcium. The plasma membrane of this eell is very different than 
ours. It is permeable to glucose but not to calcium. That is, only glucose ean eross the plasma mem- 
brane without using transporters. Use this information to answer the following questions: 
a. Will glucose move into the eell or out of the eell? Which transport meehanism will be 
involved? 
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b. Carrier proteins are present in the membrane that ean transport calcium. If calcium moves 
down its eoneentration gradient, will calcium move into the eell or out of the eell? Which 
transport meehanism will be involved? 


e. You plaee the eell in a new solution to study the proeess of osmosis. You know that sodium 
does not move aeross the alien eell membrane. You also know that the eoneentration of the 
intracellular fluid is equivalent to 1% sodium. The new solution eontains 2% sodium. 

i. Is the 2% sodmm solution hypertonie, isotonie, or hypotonie?_ 

ii. Will water flow into the eell or out of the eell?_ 

iii. What will be the effeet of the water movement on eell volume?_ 

4. The graph below illustrates the median survival age (the age at which 50% of the population 
has died) for individuals with eystie fibrosis in Canada. Following the steps in the One Step at 
a Time box in Chapter 3, answer the following questions. 

a. What was the median age of survival for a male with eystie fibrosis in 1986 and in 2011? 

b. Over the term of the study, when was the median age of survival highest for women? When 
was it highest for men? 

e. What conclusions ean you draw from this graph? 



20 “I- 1 - 1 - 1 - 1 - 1 - 1 

1981 1986 1991 1996 2001 2006 2011 

Year 

"Data from the 20011 report of Cystic Fibrosis Canada. Available at: http://www. 
cysticfibrosis.ca/wp-content/uploads/2013/10/Registry2011 FINALOnlineEN.pdf" 

Expanding Your Horízons 

1. Carcinogens are a hot topie. Newspapers often earry large headlines proelaiming the newest 
eareinogen (milk, BBQ meat, mosquito repellent). You ean find out the truth about these elaims 
in the National Toxicology Program yearly report on eareinogens. The most reeent report ean be 
read online at http://ntp-server.niehs.nih.gov (look for “Report on Carcinogens”). The Seientifie 
Ameriean artiele listed below ean provide you with more information about the causes of eaneer. 


■ Gibbs WW. Untangling the roots of eaneer. Sei Am 2003;289:56-65. 
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2. Companies such as “23andMe” will sereen your entire genome for about $100. All you have 
to do is spit into a tube and mail it. Within a few weeks, you will reeeive detailed information 
about your aneestry. In the past, they also provided individuals with information about genetie 
risk faetors for various diseases (some of which were quite speculative), but in November 2013, 
they eeased providing health information pending regulatory review by the U.S. Food and Dmg 
Administration (FDA). Regulatory ageneies are justifiably eoneerned about the use of genome 
sereening information. Will genetie sereening soon be required to obtain health insurance? 
Will some parents use prenatal sereening to seleet for a superbaby? How ean we keep genetie 
information secure from computer haekers? See the website and artieles listed below for more 
information. 

■ Aldhous P, Reilly M. How my genome was haeked. New Sei 2009;201:6-9. 

■ Hall SS. Revolution postponed. Sei Am 2010;303:60-67. 

■ Wong K. Finding my inner Neanderthal. Sei Am 2013. Available at: http://www.scientificamerican.com/blog/post/ 
dna-finding-my-inner-neandertal/? page= 1 

■ 23andme. Available at: https://www.23andme.com 



CHAPTER 


Tissues, Glands, and Membranes 



Overview 

The eell is the basie unit of life. 
Individual eells are grouped into tis- 
sues aeeording to function. The four 
main groups of tissues inehtde epithe- 
lial tissue, which forms glands, eovers 
surfaces, and lines eavities; eonneetive 
tissue, which gives support and form 
to the body; muscle tissue, which pro- 
duces movement; and nervous tissue, 
which conducts eleetrieal impulses. 

All tissues derive from stem eells, 
aetively dividing eells whose offspring 
ean remain as stem eells or differenti- 
ate into speeialized tissue eells. Small 
stem eell populations persist into 
adulthood so that tissues ean renew 
and repair themselves. Glands produce 
substances used by other eells and tis- 
sues. Exocrine glands produce seere- 
tions that are released through ducts 
to nearby parts of the body. Endoerine 
glands produce hormones that are ear- 
ried by the blood to all parts of the 
body. 

The simplest eombination of tissues 
is a membrane. Membranes serve sev- 
eral purposes, a few of which are men- 
tioned here: they may serve as dividing 
partitions, may line hollow organs 
and eavities, and may anehor various 
organs. Membranes that have epithe- 
lial eells on the surface are referred to 
as epithelial membranes. Two types of 
epithelial membranes are serous mem- 
branes, which line body eavities and 
eover the internal organs, and mucous 
membranes, which line passageways 
leading to the outside. 

Connective tissue membranes eover 
or enelose organs, providing proteetion 
and support. These membranes include 
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the faseia around muscles, the meninges around the brain and spinal eord, and the tissues around 
the heart, bones, and eartilage. 

The study of tissues, known as histology, requires much memorization. In particular, you may 
be ehallenged to learn the different types of epithelial and eonneetive tissue as well as the elassihea- 
tion seheme of epithelial and eonneetive membranes. Learning the structure of these different tis- 
sues and membranes will help you understand the amazing properties of the body, such as how we 
ean jump from great heights, swim without beeoming waterlogged, and fold our ears over without 
breaking them. Also, the study of histology is neeessary for understanding tissue diseases such as 
eaneer, the subject of this ehapter’s ease study. 


Addressing the Learning Objeetives 

1. DEFINE STEM CELLS, AND DESCRIBE THEIR ROLE IN DEVELOPMENT AND REPAIR 
OF TISSIJE. 

EXERCISE 4-1 

Label eaeh of the following statements as tme (T) or false (F). 

1. Mature, fully differentiated body eells frequently undergo 

mitosis to replaee damaged eells _ 

2. Tissues that regenerate easily, such as the intestinal lining, 
eontain more stem eells than do tissues that regenerate 

poorly, such as the brain _ 

3. Stem eells spend more time in interphase than do mature 

body eells _ 
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2. NAME THE F0UR MAIN GR0UPS OF TISSUES, AND GIVE THE L0CATI0N AND 
GENERAL CHARACTERISTICS OF EACH. 

EXERCISE 4-2: Four Types of Epithelium (Text Figs. 4-1 and 4-2) 

Label eaeh of the following types of epithelium. 
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EXERCISE 4-3: Muscle Tissue (Text Fig. 4-6) 

Write the names of the three types of mttsele tissue in the appropriate blanks in different eolors. 
Color some of the muscle eells the eorresponding eolors. Look for the nuclei, and eolor them a 
different eolor. 

1 _ 

2 _ 

3_ 



0 
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EXERCISE 4-4: Nervous Tissue (Text Fig. 4-7) 


1. Write the names of eaeh tissue in boxes 5 to 7. 

2. Label eaeh of the following neural structures and tissues. 


1 . 

2 . 

3. 

4. 








EXERCISE 4-5 

Write the appropriate term in eaeh blank from the list below. Not all terms will be used. 
stratified squamous columnar transitional 

simple tissue cuboidal 

1. A group of eells similar in structure and hmetion _ 

2. Term that deseribes flat, irregular epithelial eells _ 

3. A term that means “in layers ” _ 

4. Term that deseribes long and narrow epithelial eells _ 

5. Term that deseribes square epithelial eells _ 

6. Cells arranged in a single layer _ 
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EXERCISE 4-6 

Write the appropriate term in eaeh blank from the list below. Not all terms will be used. 
bone myoeardimn voluntary muscle epithelial tissue 
neuron smooth muscle neuroglia eonneetive tissue 

1. The thigh muscle, for example _ 

2. Tissue that forms when eartilage gradually beeomes 

impregnated with calcium salts _ 

3. The thiek, muscular layer of the heart wall _ 

4. A type of tissue found in membrane and glands _ 

5. Also known as viseeral muscle _ 

6. A eell that earries nerve impulses is ealled a(n) _ 

7. A tissue in which eells are separated by large amounts of 

acellular material ealled matrix _ 

3. DESCRIBE THE DIFFERENCE BETWEEN EXOCRINE AND ENDOCRINE GLANDS, AND 
GIVE EXAMPLES OF EACH> 

EXERCISE 4-7 

Fill in the blank after eaeh statement—does it apply to exocrine glands (EX), endoerine glands 
(EN), or both (B)? 

1. A gland that seeretes into the blood_ 

2. A gland that seeretes through ducts_ 

3. A gland that seeretes onto the body surface_ 

4. The pituitary gland, for example_ 

5. A group of eells that produces substances for use by other parts 

of the body_ 

6. Salivary glands, for example_ 
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4. O-ASSIFY THE DIFFERENT TYPES OF CONNECTIVE TI$$UE. 

EXERCISE 4-8: Connective Tissue (Text Figs. 4-4 and 4-5) 


Write the names of the seven examples of eonneetive tissue in the appropriate boxes in different 
eolors. Color some of the eells of eaeh tissue type with the eorresponding eolors. You ean also label 
the eells if you would like. 






3 


> 



r 
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o 
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t 


m 


* 


P 
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EXERCISE 4-9 

Write the appropriate term in eaeh blank from the list below. Not all terms will be used. 
ligament tendon eollagen ehondroeyte 

capsule hyaline eartilage elastie eartilage fibroeartilage 

1. A eord of eonneetive tissue that eonneets a muscle to a bone _ 

2. A tough membranous eonneetive tissue that eneloses an organ _ 

3. The eartilage found between the bones of the spine _ 

4. A fiber found in most eonneetive tissues _ 

5. A eell that synthesizes eartilage _ 

6. A strong, gristly eartilage that reinforees the traehea _ 


5, DESCRIBE THREE TYPES OF EPITHELIAL MEMBRANES. 

EXERCISE 4-10 

Write the appropriate term in eaeh blank from the list below. Not all terms will be used. 
mesothelimn serous membrane cutaneous membrane parietal layer 

viseeral layer mucous membrane peritoneum serous pericardium 

1. An epithelial membrane that lines a body eavity or eovers an 

internal organ _ 

2. The epithelial membrane also known as the skin _ 

3. A membrane that lines a spaee open to the outside of the body _ 

4. The portion of a serous membrane attaehed to an organ _ 

5. The portion of a serous membrane attaehed to the body wall _ 

6. The epithelial portion of serous membranes _ 

7. The serous membrane eovering the heart _ 
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6. LIST SIX TYPES OF CONNECTIVE TISSUE MEMBRANES. 
EXERCISE 4-11 


Write the appropriate term in eaeh blank from the list below. Not all terms will be used. 
periosteum fibrous pericardium perichondrium peritoneum 

synovial membrane superficial faseia deep faseia pleura 

1. The sheet of tissue that underlies the skin _ 

2. The eonneetive tissue membrane that lines joint eavities _ 

3. A tough membrane eomposed entirely of eonneetive tissue 

that serves to anehor and support an organ or to eover a muscle _ 

4. A layer of fibrous eonneetive tissue around a bone _ 

5. The membrane that eovers eartilage _ 


6. The serous membrane eovering a lung 

7. The serous membrane eovering the abdominal organs 


7. USING EXAMPLES FROM THE CASE STUDY f DEFINE HISTOLOGY AND EXPLAIN THE 
ROLE OF HISTOLOGY IN MEDKAL DIAGNOSIS AND TREATMENL 

EXERCISE 4-12 


Use the terms below to eomplete the paragraph. Not all terms will be used. 


histology 

lump 

physiology 

DNA 

RNA 

ultraviolet 

x-rays 

stratified 

simple 

squamous 

cuboidal 

cancerous 

epithelium 

sareoma 

cutaneous 

serous 

dense irregular 

dense regular 

eollagen 

keratin 

In Paul’s ease, i 

epeated exposure to the 

(i) 



_ rays in sunlight caused 

damage to the genetie material, known as (2)_This damage resulted 

in uncontrolled growth of eells in the eonneetive tissue membrane that eovers the body, known 
as the (3) _ 

(4)_ 


they are deseribed as (5) 
is deseribed as (6)_ 


_membrane. This membrane eonsists of an outer layer of 

, in which the eells are tightly paeked together. The eells are flat, so 
_and organized in multiple layers, so the tissue 


. The inner layer of the membrane eonsists of (7) 

_eonneetive tissue. This eonneetive tissue 

_in a seemingly random arrange- 


eontains bundles of a protein ealled (8)_ 

ment. In Paul’s ease, the only warning sign for his eaneer was a (9) _ 

on his nose. The physieian sent a sample to the lab, where the appearanee of the tissue was 

_This 


examined mieroseopieally using the techniques of (10) 
same seienee was also used after his surgery to determine that his skin was free of abnormal 
( 11 )_ 


eells. 
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8. SHOW HOW WORD PARTS ARE USED TO BLIILD WORDS RELATED TO TISSUES f 
GLANDS, AND MEMBRANES. 

EXERCISE 4-13 

Complete the following table by writing the eorreet word part or meaning in the spaee provided. 
Write a word that eontains eaeh word part in the “Example” column. 

Word Part Meaning Example 

1. _ eartilage _ 

2. _ inflammation _ 

3. oste/o _ _ 

4. _ heart _ 

5. oss-, osse/o _ _ 

6. blast/o _ _ 

7. peri- _ _ 

8. _ nrnsele _ 

9. _ false _ 

10. hist/o _ _ 

11. epi- _ _ 

12. _ joint _ 

13. _ side, rib _ 


14. neur/o 
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Making the Connections 

The following eoneept map deals with the elassiheation of tissues. Complete the eoneept map by 
hlling in the appropriate word or phrase that elassihes or deseribes the tissue. 


Tissue eiassifieation 


o 



Epithelial tissue 


or 




ean be elassified 


ean be divided 

into 


0 


nervous tissue 

1 

three types 

1 

© 

f 

skeletal muscle 



moves bones 

the basie unit 



supported by 
speeialized eells 


flat and irregular 



cuboidal 


bone 


long and narrow 


© 



and 




& 

\ 

l and 


examples 



eontains 
mature eells 
ealled 


and 




© 



adipose 


© 



and 


© 



and 


Optional Exercise: Make your own eoneept map summarizing the elassiheation of membranes. 
Use the following terms and any others you would like to inehtde: epithelial tissue membrane, 
eonneetive tissue membrane, serous, mucous, cutaneous, peritoneum, hbrous pericardium, serous 
pericardium, parietal layer, viseeral layer, and faseia. 
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Testìng Your Knowledge 

BLIILDING IJNDERSTANDING 
I. MULTIPLE CHOICE 

Seleet the best answer. 

1. Which of the following is a type of eonneetive tissue? 1. 

a. transitional 

b. squamous 
e. cuboidal 

d. areolar 

2. Which of these phrases deseribes simple cuboidal epithelium? 2. 

a. flat, irregular, epithelial eells in a single layer 

b. square epithelial eells in a single layer 

e. long, narrow, epithelial eells in a single layer 

d. square epithelial eells in many layers 

3. Which muscle type is under voluntary eontrol? 3. 

a. smooth muscle 

b. skeletal muscle 

e. eardiae muscle 

d. viseeral muscle 

4. What is the proper seientihe name for a nerve eell? 4. 

a. neuroglia 

b. nevus 

e. neuron 

d. axon 

5. Which eell type seeretes mucus? 5. 

a. endoerine 

b. goblet 

e. areolar 

d. fibroblast 

6. Which eell type produces eartilage? 6. 

a. ehondroeytes 

b. fibroblasts 

e. osteoblasts 

d. osteoeytes 

7. Which of these tissues is an example of loose eonneetive tissue? 7. 

a. ligament 

b. adipose 

e. tendon 

d. bone 

8. What is the tough eonneetive tissue membrane that eovers most parts of 

all bones? 8. 

a. perichondrium 

b. periosteum 

e. faseia 

d. ligament 
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9. Which of these phrases deseribes the membrane surrounding skeletal 

muscles? 10._ 

a. deep faseia 

b. fibrous pericardium 
e. superficial faseia 

d. perichondrium 

II. C0MPLETI0N EXERCISE 

Write the word or phrase that eorreetly eompletes eaeh sentenee. 

1. The seeretion that traps dust and other inhaled partieles is ealled_ 

2. Cells that form bone are ealled_ 

3. The eartilage found at the ends of long bones is ealled_ 

4. The eonneetive tissue membrane lining joint eavities is ealled the_ 

5. The study of tissues is ealled_ 

6. The epithelial membrane that lines the walls of the abdominal eavity is ealled 

the_ 

7. A mucous membrane ean also be ealled the_ 

8. A single layer of flat, irregular epithelial eells is ealled_ 

9. The mieroseopie, hairlike projeetions found in the eells lining most of the respiratory traet 

are ealled_ 

10. The aetively dividing eells that give rise to all tissues are ealled_ 


ehapter 4 Tissues, Glands, and Membranes 


LINDERSTANDING CONCEPTS 
I. TRIIE/FALSE 

For eaeh statement, write T for true or F for false in the blank to the left of eaeh mrnrber. If a state- 
ment is false, eorreet it by replaeing the underlined term, and write the eorreet statement in the 
blanks below the statement. 

_1. The peritoneum is an example of a mucous membrane . 


2. The strip of tissue eonneeting the kneeeap to the thigh muscle is an example of a tendon . 


3. The periosteum is a eonneetive tissue membrane surrounding bone . 


4. The pituitary gland releases prolaetin into the bloodstream. The pituitary gland is 
thus an exocrine gland. 


5. The parietal layer of the peritoneum is in eontaet with the stomaeh. 


6. Ligaments are elassified as irregular loose eonneetive tissue . 


II. PRACTICAL APPLKATIONS 

Study eaeh discussion. Then write the appropriate word or phrase in the spaee provided. 

You are working as a sports therapist for a wrestling team. At a particularly brutal eompetition, you 
are asked to evaluate a number of injuries. 

1. Mr. K suffered a crushing injury to the lower leg yesterday in a sumo wrestling mateh when his 

opponent fell on him. Initially, he had little pain. Now, he eomplains of numbness and pain in 
the foot and leg. This type of injury is made worse by the tight, fibrous eovering of the muscles, 
known as the_ 

2. Mr. K is also eomplaining of pain in the knee. You suspect an injury to the membrane that lines 

the joint eavity, a membrane ealled the_ 

3. You note that Mr. K has a signifieant amount of fat. Fat is eontained in a type of eonneetive tis- 

sue ealled_ 

4. Based on its eonsisteney, this tissue is elassified as_ 
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5. Ms. J suffered a painfid bump on her ankle. The swelling involved the superficial tissues and the 

fibrous eovering of the bone, or the_ 

6. Mr. S was involved in a elosely fought mateh when his opponent bent his ear baek. Thankfully, 
the eartilage in his ear was able to spring baek into shape. This kind of eartilage is ealled 

■ • 

7. Later, Mr. S suffered a penetrating wound to his abdomen when his opponent aeeidentally 

threw him into the seating area. You fear that the wound may have penetrated the membrane 
that lines his abdomen, ealled the_ 

8. The wrestling eoaeh eomes over to talk to you during a break in the mateh. He has a question 

about his favorite shampoo. The advertisement stated that it eontained eollagen. He asks you 
which eells in the body synthesize eollagen. These eells are ealled_ 

III. SHORT ESSAYS 

1. Compare and eontrast epithelial tissue membranes and give an example of eaeh. List at least 
one similarity and one differenee in your answer. 



2. Differentiate between epithelial tissue, eonneetive tissue, and muscle in terms of the amount 
and eomposition of the extracellular matrix. 
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CONCEPTUAL THINKING 


1. Why are bone and blood both eonsidered to be eonneetive tissue? Define eonneetive tissue in 
your answer. 


2. Which tissue, epithebal or eonneetive, would be best suited to the following functions? 
a. cushioning the kidneys against a blow 


b. ereating a virtually waterproof barrier between the body and the environment 


e. preventing toxins from entering the blood from the gastrointestinal traet 


3. A mrniber of the eomponents of a joint are bsted below. Name the tissue type and/or membrane 
for eaeh. Provide as many deseriptive terms as you ean. For instanee, the skin ean be deseribed 
as both the cutaneous membrane and an epithebal membrane. 
a. the ends of the bones are eovered with tough, translucent eartilage 


b. a fluid-secreting membrane seeretes synovial fluid 


e. small fat pads cushion the joint 


d. tendons pass over the joint and contribute to the strength of the joint 


e. ligaments bind the bones together 
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4. Follow the procedure in the One Step at a Time box to analyze this histology image. Fill in 
the blanks in the table. Which eell type is indieated by the arrow? (Hint: it proditees a stieky 
seeretion). 



Tissue A 

Tissue B 

Overall impression 



Nuclei 



Cells 



Surface Features 

Plasma membrane extensions 
known as mierovilli 


Matrix 


Soft, jelly-like matrix 

identiheation 



Function 



Types of membrane 


Loeation 

Small intestine lining 



Expanding Your Horízons 

Text Box 4-1 talks about some of the possibilities and ethieal dilemmas surrounding stem eell 
use. Although stem eells have enormous potential, the teehnieal and politieal difficulties involved 
sometimes seem insurmountable. Indeed, it has proved difficult to find true stem eells that ean 
differentiate into any eell type. Many alleged stem eell lines ean only produce eertain types of eells. 
Much researeh remains to be done regarding techniques to identify stem eells and the faetors that 
cause differentiation into different eell types. You ean learn more about the polities, difficulties, and 
potential of stem eell researeh in the following artiele. 

■ Lanza R, Rosenthal N. The stem eell ehallenge. Sei Am 2004;290:92-100. 

















CH APTER 


The lntegumentary System 



Overvievv 

Because of its various properties, the 
skin ean be elassified as a membrane, an 
organ, or a system. The outermost layer 
of the skin is the epidermis. Beneath 
the epidermis is the dermis (the true 
skin) where glands and other aeeessory 
structures are mainly loeated. The sub- 
cutaneous tissue underlies the skin. It 
eontains fat that serves as insulation. 
The aeeessory structures of the skin are 
the sudoriferous (sweat) glands, the 
oil-seereting sebaceous glands, hair, 
and nails. 

The skin proteets deeper tissues 
against drying and against invasion by 
harmful organisms. It regulates body 
temperature through evaporation of 
sweat and loss of heat at the surface. It 
eolleets information from the environ- 
ment by means of sensory reeeptors. 

The protein keratin in the epider- 
mis thiekens and proteets the skin and 
makes up hair and nails. Melanin is the 
main pigment that gives the skin its 
eolor. It functions to filter out harmful 
ultraviolet radiation from the sun. Skin 
eolor is also influenced by the quantity 
and oxygen eontent of blood circulat- 
ing in the surface blood vessels. 

This ehapter does not eontain any 
particularly difficult material. However, 
you must be familiar with the different 
tissue types discussed in Chapter 4 in 
order to understand the structure and 
function of the skin and assoeiated 
glands. 
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Addressing the Learning Objeetives 

1. NAME AND DESCRIBE THE LAYERS OF THE SKIN. 

EXERCISE 5-1 

Write the appropriate term in eaeh blank from the list below. Not all terms will be used. 

melanoeyte integument keratin 

dermis epidermis stratum corneum 

dermal papillae stratmn basale subcutaneous layer 

1. A pigment-producing eell that beeomes more aetive in the 

presenee of ultraviolet light _ 

2. The protein in the epidermis that thiekens and proteets the 

skin _ 

3. The deeper of the two major layers of skin _ 

4. The uppermost epidermal layer, eonsisting of flat, 

keratin-filled eells _ 

5. Another name for the skin as a whole _ 

6. Projeetions of the dermis responsible for fingerprints _ 

7. The deepest layer of the epidermis, which eontains living, 

dividing eells _ 

8. Another name for the superficial faseia _ 

2. DESCRIBE THE SUBCUTANEOUS LAYER, 

EXERCISE 5-2 

Mateh the structures in the list below with their functions by writing the appropriate term in eaeh 
blank. 

adipose tissue elastie fibers blood vessels nerves 

1. Connect the subcutaneous tissue with the dermis _ 

2. Insulates the body and aets as an energy reserve _ 

3. Carry sensory information from the skin to the brain _ 

4. Supply skin with nutrients and oxygen _ 
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3. GIVE THE LOCATIONS AND FUNCTIONS OF THE ACCESSORY STRUCTURES OF THE 
INTEGUMENTARY SYSTEM> 

EXERCISE 5-3 

Write the appropriate term in eaeh blank from the list below. Not all terms will be used. 
apoerine eeerine ceruminous sudoriferous wax 

vernix easeosa sebaceous sebum meibomian 

1. A general term for any gland that produces sweat _ 

2. Sweat glands found throughout the skin that help eool the body _ 

3. Glands that are found only in the ear eanal _ 

4. Excess aetivity of these glands contributes to aene vulgaris _ 

5. The product of ceruminous glands _ 

6. Sweat glands in the armpits and groin that beeome aetive 

at puberty _ 

7. Glands that lubricate the eye _ 

8. A seeretion of sebaceous glands that eovers newborn babies _ 
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EXERCISE 5-4: The Skin (Text Fig. 5-1) 


1. Write the names of the three skin layers in the mtmbered boxes 1 to 3. 

2. Write the name of eaeh labeled part on the numbered lines in different eolors. Use a light eolor for 
structures 4 and 12. Use the same eolor for structures 15 and 16, for structures 13 and 14, and for 
structures 8 and 9. 

3. Color the different structures on the diagram with the eorresponding eolors. Try to eolor every 
structure in the figure with the appropriate eolor. For instanee, structure 8 is found in three 
loeations. 



4. 

5. 

6 . 

7. 

8 . 

9. 

10. 


11 . 

12 . 

13. 

14. 

15. 

16. 
17. 
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EXERCISE 5-5: The Nail (Text Fig. 5-5B) 

1. In the middle column of the table, write the name of the labeled structure. 

2. In the right-hand column of the table, write a brief deseription of the structure. 



Number 

Structure 

Deseription 

1 . 



2. 



3. 



4. 



5. 



6. 




4. LIST THE MAIN FUNCTIONS OF THE INTEGLIMENTARY SYSTEM. 
EXERCISE 5-6 

Fill in the mtmbered blanks in the table below. 


Function 

Structures Involved 

(1) 

Stratum corneum, shedding skin eells 

Proteetion against dehydration 

(2) 

Regulation of body temperature 

(3) 

(4) 

Nerve endings, speeialized reeeptors 
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5. PISOJSS THE FACT0RS THAT CONTRIBUTE TO SKIN C0L0R, 
EXERCISE 5-7 

Write the appropriate term in eaeh blank from the list below. 
earotene hemoglobin melanin 

1. The pigment that gives blood its eolor 

2. A pigment found in some vegetables that is stored in adipose 
tissue 

3. The pigment that helps proteet against UV radiation 


6. CITE THE STEPS IN REPAIR OF SKIN W0UNDS AND THE FACT0RS THAT AFFECT 
HEALING. 

EXERCISE 5-8 


Use the terms below to eomplete the paragraph. 

sear hair follieles fibroblasts stratum basale 

eapillaries inflammatory response eollagen 


The repair of any tissue requires aetively dividing eells. In skin, these eells are found in the deep- 

est layer of the epidermis, the (1)_. Severe injuries aetivate an additional population of 

stem eells in the (2)_. The hrst step in tissue repair involves the development of a(n) 

(3)_that makes the tissue swollen and red. Tissue repair involves the 

formation of new (4)_to bring blood to the new tissue and the production of a protein 

ealled (5) _by eonneetive tissue eells ealled (6) _. Sometimes, the dam- 

age is too extensive for eomplete repair, so the tissue is replaeed by eonneetive tissue that forms a 
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7. DESCRIBE HOW THE SKIN CHANGES WITH AGE. 

EXERCISE 5-9 

List five age-related ehanges that occur in the integumentary system. 

1 _ 

2 _ 

3 _ 

4 _ 

5 _ 

8. (JSING INFORMATION IN THE CASE STUDY AND THE TEXT, EXPLAIN H0W A BURN 
DISRUPTS SKIN FUNCTION. 

EXERCISE 5-10 

In the lines below, explain why Hazel’s burned forearm was painful, moist, and prone to infeetion. 


9. SH0W H0W W0RD PARTS ARE USED TO BUILD W0RDS RELATED TO THE 
INTEGUMENTARY SYSTEM. 

EXERCISE 5-11 

Complete the following table by writing the eorreet word part or meaning in the spaee provided. 
Write a word that eontains eaeh word part in the “Example” column. 


Word Part 

1. hemo 

2 _ 

3. dermat/o 
4_ 

5. ap/o- 

6 . _ 

7 _ 


Meaning Example 

dark, blaek _ 


eornified, keratinized 


under, below 
hair 
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Making the Connections 

The following eoneept map deals with the structural features of the skin. Complete the eoneept 
map by hlling in the appropriate word or phrase in eaeh box. 


The skin and assoeiated structures form the 




Two layers 





Subdivided 
into thin 
layers 

1 


Llppermost 

layer 

i 




I 

layer eontaining 
dividing eells 




4 





Oytoplasm of eells 
replaeed by protein 




or 

stratum 

germinativum 

eontains eells 




I 

that produce 

\ 

melanin 



Extensions into 
epidermis 


Oontains most 
aeeessory structures 





sudoriferous 

glands 



develops within 
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Testìng Your Knowledge 

BLIILDING IJNDERSTANDING 
I. MULTIPLE CHOICE 

Seleet the best answer. 

1. Where are new epidermal eells produced? 1. 

a. dermis 

b. stratmn eornemn 
e. stratum basale 

d. subcutaneous layer 

2. Which of the following diseases results from the accumulation 

of bile pigments in blood? 2. 

a. atopie dermatitis 

b. impetigo 

e. alopeeia 

d. jaundice 

3. Which of the following glands is NOT a modihed sweat gland? 3. 

a. mammary gland 

b. sebaceous gland 

e. ceruminous gland 

d. eiliary gland 

4. Which term deseribes a narrowing of a blood vessel? 4. 

a. dilation 

b. eonstrietion 

e. closure 

d. merger 

5. What is the white half-moon at the base of the nail ealled? 6. 

a. root 

b. matrix 

e. lunula 

d. cuticle 

6. What is the name of the muscle eonneeted to hair follieles? 9. 

a. eiliary muscle 

b. arreetor pili 

e. sebaceous muscle 
d. vernix 
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II. C0MPLETI0N EXERCISE 

Write the word or phrase that eorreetly eompletes eaeh sentenee. 

1. The outer layer of the epidermis, which eontains flat, keratin-filled eells, is ealled the 
■ - -- -- -- -- -- -- -- -- -- -- -- - • 

2. Fingerprints are ereated by extensions of the dermis into the epidermis. These extensions are 

ealled_ 

3. The main pigment of the epidermis is_ 

4. The eells that seerete eollagen to help elose a wound are ealled_ 

5. The ceruminous glands and the eiliary glands are modified forms of_ 

6. The subcutaneous layer is also ealled the hypodermis or the_ 

7. Hair and nails are eomposed mainly of a protein named_ 

LINDERSTANDING C0NCEPTS 
I. TRLIE/FALSE 

For eaeh statement, write T for true or F for false in the blank to the left of eaeh number. If a state- 
ment is false, eorreet it by replaeing the underlined term, and write the eorreet statement in the 
blanks below the statement. 

_L The nail cuticle, which seals the spaee between the nail plate and the skin above the nail 

root, is an extension of the stratum basale . 


2. In eold weather, the blood vessels in the skin eonstriet in order to eonserve heat. 


3. The skin produces vitamin A under the influence of ultraviolet light. 


4. Sebum is produced by sudoriferous glands . 


5. The part of the hair below the skin surface is the folliele . 


6. The stratum corneum is the deepest layer of the epidermis. 
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II. PRACTICAL APPLICATIONS 

Study eaeh discussion. Then write the appropriate word or phrase in the spaee provided. 

Mr. B has suffered a fall in a downhill mountain biking eompetition. Working as a hrst-aid volun- 
teer, you are the hrst person arriving at the seene of the aeeident. 

1. Mr B has light seratehes on his left eheek. The seratehes are not bleeding, indieating that they 
have only penetrated the uppermost layer of the epidermis, known as the 

■ - -- -- ------------------ - • 

2. A braneh tore a long jagged wound in his right arm. This wound has penetrated 
into the tissue underneath the dermis, known as the superficial faseia or 

3. The skin of Mr B’s nose is very brown. The brown eolor refleets the presenee 

of a pigment ealled_ 

4. Mr B has difficulties hearing your questions. You examine his ears and diseover 
that they are full of ear wax. Ear wax is synthesized by modified sweat glands ealled 

5. You note that Mr B has a rather strong body odor. Body odor refleets the 

seeretions of glands ealled_ 

6. When you examine Mr B, you see numerous healed wounds. The sears 

refleet the aetions of eells ealled_ 

7. Mr B, like many young men, suffers from aene vulgaris. This skin disease, 
which is eharaeterized by pimples and blaekheads, involves infeetion of the 

oil-producing glands of the skin ealled the_ 

III. SHORT ESSAYS 

1. Compare and eontrast eeerine and apoerine sweat (sudoriferous) glands. 


2. Deseribe the role that the skin plays in the regulation of body temperature. 
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CONCEPTUAL THINKING 


1. Deseribe the loeation and structure of the different tissue types (epithelial, muscle, nervous, 
eonneetive) present in the integumentary system. 


2. Discuss the functional implieations of the following structural ehanges in skin assoeiated with 
aging. 

a. less subcutaneous fat and deereased circulation in the dermis 


b. deereased melanin production in hair and skin 


e. deereased eell proliferation in the hair folliele 


d. reduced eollagen and elastie production in the dermis 


e. deereased aetivity of the eeerine sudoriferous glands 


Expanding Your Horìzons 

Why did different skin tones evolve? It is often thought that darker pigmentation (more melanin) 
has evolved to proteet humans from skin eaneer. However, sinee skin eaneer occurs later in life 
(usually postreproductive age), it eannot exert much evolutionary pressure. The advantages and 
disadvantages of darker skin tone are discussed in these Seientifie Ameriean artieles: 


■ Jablonski NG, Chaplin G. Skin deep. Sei Am 2002;287:74-81. 

■ Tavera-Mendoza LE, White JH. Cell defenses and the sunshine vitamin. Sei Am 2007;297:62-72. 


















































W/ 5 /^ 

f y 

V/ 

" X H 

/ / // À 

/. í y " a _ X 




BsjJPI I 


The Skeleton: Bones and Joints 


CHAPTER 6 




The Muscular System 


CHAPTER 7 












































CHAPTER 


The Skeleton: Bones and Joints 


- 



0verv1ew 

The skeletal system proteets and sup- 
ports the body parts and serves as 
attaehment points for the muscles, 
which furnish the power for movement. 
The bones also store calcium salts and 
are the site of blood eell production. 
The skeletal system includes some 
206 bones; the number varies slightly 
aeeording to age and the individual. 

Although bone tissue eontains a 
matrix of nonliving material, bones also 
eontain living eells and have their own 
systems of blood vessels and nerves. 
Bone tissue may be either spongy or 
eompaet. Compact bone is found in the 
diaphysis (shaft) of long bones and in 
the outer layer of other bones. Spongy 
bone makes up the epiphyses (ends) 
of long bones and the eenter of other 
bones. Red marrow, present at the 
ends of long bones and the eenter of 
other bones, manufactures blood eells; 
yellow marrow, which is largely fat, is 
found in the eentral (medullary) eavi- 
ties of the long bones. 

Bone tissue is produced by eells 
ealled osteoblasts, which gradually 
eonvert eartilage to bone during devel- 
opment and add bone tissue for remod- 
eling and repair throughout life. The 
mature eells that maintain bone are 
ealled osteoeytes, and the eells that 
break down (resorb) bone for remodel- 
ing and repair are the osteoelasts. 

The skeleton is divided into two 
main groups of bones, the axial skel- 
eton and the appendicular skeleton. 
The axial skeleton includes the skull, 
spinal column, ribs, and sternum. The 
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appendicular skeleton eonsists of the bones of the upper and lower limbs, the shoulder girdle, and 
the pelvie girdle. 

A joint is the region of union of two or more bones. Joints are elassihed into three main types on 
the degree of movement permitted. In order of inereasing movement, the types are synarthroses, 
amphiarthroses, and diarthroses. Diarthroses are also ealled synovial joints because the material 
between the bones is synovial flhhd, which is seereted by the synovial membrane lining the joint 
eavity. The bones in synovial joints are eonneeted by ligaments. Synovial joints show the greatest 
degree of movement, and the six types of synovial joints allow for a variety of movements in differ- 
ent direetions. 


Addressing the Learning Objeetives 

1. LISTTHE FUNCTIONS OF BONES. 

EXERCISE 6-1 


List hve functions of bones in the spaees provided. 
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2. DESCRIBE THE STRUCTURE OF A LONG BONE. 


(Also see Exercises 6-4 through 6-6.) 

EXERCISE 6-2: Structure of a Long Bone (Text Fig. 6-2) 


1. Write the names of the three parts of a long 
bone in the nitmbered boxes 1 to 3. 

2. Write the name of eaeh labeled part on the num- 
bered lines in different eolors. Use a dark eolor 
for structure 5. 

3. Color the different structures on the diagram 
with the eorresponding eolor. 

4 _ 

5 _ 

6 ._ 

7 _ 

8 _ 

9_ 

10 _ 

11 _ 

12 _ 



3. NAME THE THREE DIFFERENT TYPES 0F CELLS IN BONE, AND DESCRIBE THE 
FUNCTI0NS 0F EACH, 

EXERCISE 6-3 

Write the name of the appropriate bone eell in eaeh blank from the list below. 
osteoblast osteoeyte osteoelast 

1. A eell that resorbs bone matrix _ 

2. A mature bone eell that is eompletely surrounded by 

hard bone tissue _ 


3. A eell that builds bone tissue 
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4. DIFFERENTIATE BETVVEEN C0MPACT BONE AND SPONGY BONE WITH RESPECT TO 
STRUCTURE AND L0CATI0N, 

EXERCISE 6-4 

Fill in the blank after eaeh statement—does it apply to eompaet bone (C) or spongy bone (S)? 

1. Makes up the interior of the epiphyses of long bones_ 

2. Makes up the eenter of short bones_ 

3. Makes up the shaft of a long bone_ 

4. A meshwork of small, bony plates_ 

5. Very hard bone with few spaees_ 

EXERCISE 6-5 

Fill in the blank after eaeh statement—does it apply to red marrow (R) or yellow marrow (Y)? 

1. Found in the spaees of spongy bone_ 

2. Composed largely of fat_ 

3. Site of blood eell synthesis_ 

4. Found in the shaft of a long bone_ 

EXERCISE 6-6 

Write the appropriate term in eaeh blank from the list below. Not all terms will be used. 
diaphysis epiphysis medullary eavity eentral eanal 

periosteum endosteum spongy bone osteon 

1. The shaft of a long bone _ 

2. The tough eonneetive tissue membrane that eovers bones _ 

3. The end of a long bone _ 

4. The type of bone tissue found at the end of long bones _ 

5. The thin membrane that lines the eentral eavity of long bones _ 

6. The hollow portion of a long bone eontaining yellow marrow _ 

7. The longitudinal eanal in the middle of eaeh osteon _ 
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5. EXPLAIN H0W A LONG BONE GR0WS> 

EXERCISE 6-7 

Label eaeh of the following statements as tme (T) or false (F). 

1. Long bones grow in length by producing new bone tissue 

in the middle of the diaphysis. _ 

2. Onee bone growth is eomplete, the epiphyseal plate turns 

into the epiphyseal line. _ 

3. Long bones elongate by eonverting eartilage in the bone ends 

into bone tissue. _ 

4. Osteoelasts and osteoblasts stop working onee bone growth 

is eomplete. _ 

5. As a bone lengthens, the medullary eavity beeomes larger. _ 

6. NAME AND DESCRIBE NINE MARKINGS F0UND ON BONES. 

EXERCISE 6-8 

Write the appropriate term in eaeh blank from the list below. Not all terms will be used. 
erest eondyle head proeess 
foramen fossa sinus meatus 

1. A short ehannel or passageway _ 

2. An air spaee found in some skull bones _ 

3. A rounded knoblike end separated by a slender region 

from the rest of the bone _ 

4. A rounded projeetion _ 

5. A distinet border or ridge _ 

6. A depression on a bone surface _ 

7. A hole that permits the passage of a vessel or nerve _ 
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7. NAME, L0CATE, AND DESCRIBE THE BONES IN THE AXIAL SKELETON. 


EXERCISE 6-9: The Skull (Text Fig. 6-5) 



Bones of the skull: 



Frontal 


Sphenoid 


Nasal 


Oeeipital 


Mandible 


Parietal 


Temporal 


Maxilla 


Zygomatie 


Ethmoid 
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1. Color the boxes next to the names of the skull bones in different, light eolors. 

2. Color the skull bones with the eorresponding eolors. 

3. Label eaeh of the following numbered bones and bone features (write their names in blaek). 


1 . 

2 . 

3. 

4 . 

5. 

6 . 

7. 

8 . 
9. 

10 . 

11 . 


12 . 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20 . 
21 . 


EXERCISE 6-10: Vertebral Column (Text Fig. 6-7A) 

1. Color eaeh of the following bones the indieated eolor. 

a. eervieal vertebrae—blue 

b. thoraeie vertebrae—red 
e. htmbar vertebrae—green 

d. sacrum—yellow 

e. coccyx—violet 

2. Label eaeh of the indieated bones and bone parts. 

1_ 

2 _ 

3 _ 

4 _ 

5 _ 

6 ._ 

7 _ 
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EXERCISE 6-11: The Vertebrae (Text Fig. 6-7B and C) 

1. Look at the top left diagram. Identify the different parts of a vertebra by writing the names of 
the labeled parts on lines 1 to 5. 

2. Identify these parts in the other four diagrams by writing the eorreet numbers in eaeh empty bullet. 

3. Write the names of parts 6 through 8 in the appropriate blanks. Use the same eolor for parts 6 
and 7. Color structures 6 through 8. 




Thoraeie 

vertebra 


Posterior 




Anterior 



Siiperior view 
of vertebrae 







Transverse 

foramen 



Posterior 


t 

i 

Anterior 
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EXERCISE 6-12: Bones of the Thorax (Text Fig. 6-8) 

1. Write the name of eaeh labeled part on the lines beside the bidlets in different eolors. Structures 
1, 2, 4, 9, and 10 will not be eolored, so write their names in blaek. 

2. Color the different structures on the diagram with the eorresponding eolors. 



EXERCISE 6-13 

Write the appropriate term in eaeh blank from the list below. Not all terms will be used. 
parietal bone temporal bone frontal bone hyoid bone 

nasal bone oeeipital bone maxilla mandible 

sphenoid bone zygomatie bone 

1. The only movable bone of the skull _ 

2. A bone of the upper jaw _ 

3. The U-shaped bone lying just below the mandible _ 

4. The bone that articulates with the parietal and temporal 

bones and forms the posterior inferior part of the cranium _ 

5. The bone that forms the forehead _ 

6. One of two slender bones that form the bridge of the nose _ 

7. One of two large bones that articulate with the frontal bone 

and form the superior lateral portions of the cranium _ 

8. The anatomie name for the eheekbone _ 
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EXERCISE 6-14 

Write the appropriate term in eaeh blank from the list below. Not all terms will be used. 
floating ribs tme ribs fontanel eostal 

foramina xiphoid proeess manubrium clavicular noteh 

1. The T-shaped, superior portion of the sternum _ 

2. The portion of the sternum that is made of eartilage in ehildren _ 

3. An adjeetive that refers to the ribs _ 

4. A soft spot in the infant skull that later eloses _ 

5. The last two pairs of ribs, which are very short and do not 

extend to the front of the body _ 

6. The point of articulation between the sternum and the eollarbone _ 

7. Ribs that attaeh to the sternum by individual eartilages _ 

8. DESCRIBE THE NORMAL CURVES OF THE SPINE, AND EXPLAIN THEIR PURP0SE, 
EXERCISE 6-15 

Write the appropriate term in eaeh blank from the list below. 
eervieal region thoraeie region lumbar region coccyx 
thoraeie curve lumbar curve eervieal curve 

1. A primary curve of the spine _ 

2. The seeond part of the vertebral column, made up of 

12 vertebrae _ 

3. The spinal curve that appears when the infant holds 

his or her head up _ 

4. The spinal curve that appears when the infant begins to walk _ 

5. The most inferior part of the vertebral column _ 

6. The region of the spine that eontains the largest, strongest 

vertebrae _ 

7. The region of the vertebral column made up of the first seven 

vertebrae _ 
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9. NAME f L0CATE f AND DESCRIBE THE BONES IN THE APPENDICULAR SKELETON, 
EXERCISE 6-16: The Skeleton (Text Fig. 6-1) 

1. Write the name of eaeh labeled part on the lines beside the bullets in different eolors. Use the 
same eolor for structures 23 to 25 and for structures 19 and 20. 

2. Color the different structures on the diagram with the eorresponding eolors. Try to eolor every 
structure in the figure with the appropriate eolor. For instanee, structure number 3 is found in 
two loeations. 
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EXERCISE 6-17: Bones of the Shoulder Girdle (Text Fig. 6-9) 

1. Use three eontrasting eolors to write the names of the illustrated bones in lines 1, 4, and 5. 
Color the bones the eorresponding eolors. 

2. Write the names of the bone features in blaek on the other numbered lines. 



1 . 

2 . 

3. 

4. 

5. 


6 . 

7. 

8 . 

9. 


98 


Unit 2 Movement and Support 


EXERCISE 6-18: Upper Extremity (Text Fig. 6-10) 


1. Color the large bone in part A with a bright eolor. Use this eolor to write the name of the bone 
in the first line, and all of its features on lines 2 to 6. 

2. Write the name of the joint indieated by bullet 7 on line 7. 

3. Use a bright eolor to shade and write the name of the bone indieated by bullet 8. Use the same 
eolor to write the name of this bone’s features (bullets 9 to 10). 

4. Use a eontrasting eolor to shade and write the name of the bone indieated by bullet 11. Use the 
same eolor to write the name of this bone’s features (bullets 12 to 16). 



Anterior view 


Posterior view 


A 


Anterior view 
B 


Posterior view 


1 . 

2 . 

3. 

4. 

5. 

6 . 

7. 

8 . 


9. 

10 . 

11 . 

12 . 

13. 

14. 

15. 

16. 
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EXERCISE 6-19: Pelvie Bones (Text Fig. 6-14) 


1. Color the boxes next to the names of the pelvie bones in different, light eolors. 

2. Color the pelvie bones in parts A and B of the diagram with the eorresponding eolor 

3. Label eaeh of the following numbered bones and bone features. 


Ilium 


Pubis 


lschium 








A Anterior view 


B Lateral view 










10 . 
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EXERCISE 6-20: Lower Extremity (Text Fig. 6-16) 


1. Color the large bone in part A with a bright eolor. Use this eolor to write the name of the bone 
in the first line, and all of its features on lines 2 to 10. 

2. Use a bright eolor to shade and write the name of the bone indieated by bullet 11. Use the same 
eolor to write the name of this bone’s features (bullets 12 to 16). 

3. Use a eontrasting eolor to shade and write the name of the bone indieated by bullet 17. Use the 
same eolor to write the name of this bone’s features (bullets 18 to 19). 

4. Use blaek to write the name of the joints indieated by bullets 20 and 21 on the appropriate lines. 



Anterior view 
A 


Posterior view 


Anterior view 
B 



Posterior view 


1 

12 

2. 

13. 


3 _14. 

4 _15. 


5 

16 

6. 

17 

7. 

18. 

8 

1Q 

Q 

20 

10. 

21. 

11. 
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EXERCISE 6-21 

Write the appropriate term in eaeh blank from the list below. Not all terms will be used. 
oleeranon earpal bones elaviele ulna radius 

metaearpal bones phalanges scapula humerus 

1. The anatomie name for the eollarbone _ 

2. The five bones in the palm of the hand _ 

3. The medial forearm bone (in the anatomie position) _ 

4. The upper part of the ulna, which forms the point of the elbow _ 

5. The 14 small bones that form the framework of the fingers 

on eaeh hand _ 

6. The bone loeated on the thumb side of the forearm _ 

7. The bone eontaining the supraspinous and infraspinous fossae _ 

EXERCISE 6-22 

Write the appropriate term in eaeh blank from the list below. Not all terms will be used. 
greater troehanter patella tibia calcaneus pubis 

fibula ilium ischium acetabulum 

1. The deep soeket in the hip bone that holds the head of 

the femur _ 

2. The most inferior bone in the pelvis _ 

3. The lateral bone of the leg _ 

4. A bone that is wider and more flared in females _ 

5. The seientifie name for the kneeeap _ 

6. The largest of the tarsal bones; the heel bone _ 

7. The large, rounded projeetion at the upper and lateral 

portion of the femur _ 
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EXERCISE 6-23 

Write “male” or “female” in the spaees below to make eaeh statement true. 

1. The pelvie outlet is narrower in the_than in the 

2. The angle of the pubic areh is broader in the_than in the 

3. The sacrum and coccyx are shorter and less curved in the_than in 

the_ 

4. The ilia are narrower in the_than in the_ 


10. DESCRIBE THREE CATEG0RIES 0F JOINTS BASED 0N DEGREE 0F MOVEMENT, AND 

GIVE EXAMPLES 0F EACH. 

EXERCISE 6-24 

Write the appropriate term in eaeh blank from the list below. 

eartilage articulation diarthrosis amphiarthrosis 

synarthrosis fibrous eonneetive tissue synovial fluid 

1. The region where two or more bones unite; a joint _ 

2. A slightly moveable joint _ 

3. A freely moveable joint _ 

4. An immovable joint _ 

5. The material joining the bones of most synarthroses _ 

6. The material joining the bones of most amphiarthroses _ 

7. The material between the bones of diarthroses _ 
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EXERCISE 6-25: The Knee Joint (Text Fig. 6-19) 

1. Write the name of eaeh labeled part on the mrmbered lines in different eolors. Use a dark eolor 
for part 10, which ean be outlined. 

2. Color the different structures on the diagram with the eorresponding eolors. 


1 . 

2 . 

3. 

4. 

5. 

6 . 

7. 

8 . 

9. 

10 . 

11 . 

12 . 


\ 





3 






7 




r A X 


4 


L \Á 




8 






9 






5 
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11. NAME SIX TYPES OF SYNOVIAL JOINTS, AND DEMONSTRATE THE MOVEMENTS THAT 

OCCUR AT EACH. 


EXERCISE 6-26: Movements at Synovial Joints (Text Fig. 6-20) 

Label eaeh of the illustrated motions with the eorreet terms. 
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EXERCISE 6-27 

Write the appropriate term in eaeh blank from the list below. Not all terms will be used. 
flexion rotation abduction extension adduction 

supination circumduction dorsiflexion plantar flexion pronation 

1. A movement that inereases the angle between two bones _ 

2. Movement away from the midline of the body _ 

3. Motion around a eentral axis _ 

4. A bending motion that deereases the angle between two parts _ 

5. Movement toward the midline of the body _ 

6. The aet of turning the palm up or forward _ 

7. The aet of pointing the toes downward _ 

EXERCISE 6-28: Types of Synovial Joints (Text Table 6-3) 


Label eaeh of the different types of synovial joints. 



©- 

i 

)- 1 

e 

* - 1 
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12. DESCRIBE H0W THE SKELETAL SYSTEM CHANGES WITH AGE. 

EXERCISE 6-29 

Use the terms below to eomplete the paragraph. 

protein intervertebral disks eollagen calcium intereostal eartilages 

In older adults, bones are weaker because of a loss in (1)_salts and a gen- 

eral deeline in the manufacture of (2)_Height may be reduced because 

the (3) _beeome thinner. The ehest may beeome smaller because the 

(4) _beeome ealeified and less flexible. The reduction in levels of the 

protein (5)_in tendons and ligaments makes movement more difficult. 


13, LISING THE CASE STUDY f DISCUSS H0W FRACTURES HEAL 
EXERCISE 6-30 

The following hve steps detail how Reggie’s femur fracture healed, but they are out of order. Put 
them in order by numbering the steps 1 to 5 in the order in which they occurred. 

_a. Osteoblasts produce woven bone. 

_b. A blood elot forms at the fracture site. 

_e. Osteoelasts and osteoblasts replaee woven bone with spongy bone and eventually eompaet 

bone. 

_d. Fibroblasts synthesize new eonneetive tissue. 

_e. Stem eells differentiate into ehondroblasts, which produce hyaline eartilage. 
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14. SH0W H0W W0RD PARTS ARE USEP TO BLIILD W0RDS RELATED TO THE SKELETON. 
EXERCISE 6-31 

Complete the following table by writing the eorreet word part or meaning in the spaee provided. 
Write a word that eontains eaeh word part in the “Example” column. 

Word Part Meaning Example 

1_near, beyond _ 

2. -elast _ _ 

3. _ rib _ 

4. amphi- _ _ 

5. arthr/o _ _ 

6. _ away from _ 

7. _ around _ 

8. - toward, added to _ 

9. dia- _ _ 

10. pariet/o _ _ 
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Making the Connections 

The following eoneept map deals with bone structure. Complete the eoneept map by hlling in the 
appropriate term or phrase that deseribes the indieated structure or proeess. 


The eomplete bony framework of the body 




Two divisions 



Made 
up of 


bone tissue 



Mature 
eells 



o 



Hard and 
dense 


Meshwork of 
bony plates 


Central Extremities and 

portion their bony girdles 





Contain 

many 




ì 

Cells loeated in 
rings of bone 
around a 








long bones 




lrregular 

ends 


Long, narrow 
shaft 





\ 

At the eenter 


Make 
up units 






\ 

Contains 

\ 


Optional Exercise: Make your own eoneept map based on the different bone markings. Use the fol- 
lowing terms and any others you would like to inehtde: bone markings, projeetions, depressions, 
head, proeess, eondyle, erest, spine, foramen, sinus, fossa, meatus, sella turcica, mastoid sinus, 
foramen magmrni, aeromion, intervertebral foramina, supraspinous fossa, and scapula spine. Try to 
hnd an example of eaeh bone marking. 
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Testìng Your Knowledge 

BLIILDING IJNDERSTANDING 
I. MULTIPLE CH0ICE 

Seleet the best answer. 

1. What eells dissolve bone matrix? 1. 

a. osteoblasts 

b. osteoeytes 
e. osteoelasts 

d. osteons 

2. Which of the following terms best deseribes sutures? 2. 

a. synovial joint 

b. diarthrosis 

e. synarthrosis 

d. amphiarthrosis 

3. Which of the following is a projeetion? 3. 

a. proeess 

b. fossa 

e. foramen 

d. sinus 

4. What bone makes up the posterior portion of the hard palate? 4. 

a. vomer bone 

b. palatine bone 

e. hyoid bone 

d. mandible 

5. The os coxa is a fused bone eonsisting of the ilium, ischium, 

and a third bone. What is the name of this third bone? 5. 

a. femur 

b. acetabulum 

e. sacrum 

d. pubis 

6. Which of the following terms best deseribes the patella? 6. 

a. sesamoid 

b. axial 

e. tarsal 

d. symphysis 

7. Which of the following bones is part of the shoulder girdle? 7. 

a. sternum 

b. tibia 

e. scapula 

d. os coxae 

8. Which rib type attaehes to the sternum by individual eostal eartilages? 8. 

a. false ribs 

b. floating ribs 

e. xiphoid ribs 
d. true ribs 
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9. Which of the following deseribes the foramen magnum? 

a. a large hole in a hip bone near the symphysis pubis 

b. the curved rim along the top of the hip bone 
e. a hole between vertebrae that allows for passage of a spinal nerve 

d. a large opening at the base of the skull through which the spinal 
eord passes 

10. Which of the following joint types is only eapable of flexion 
and extension? 

a. pivot 

b. ball and soeket 

e. hinge 
d. gliding 

11. C0MPLETI0N EXERCISE 

Write the word or phrase that eorreetly eompletes eaeh sentenee. 

1. The first eervieal vertebra is ealled the_ 

2. The bat-shaped bone that extends behind the eyes and also forms part of the base of the skull 

is ealled the_ 

3. The bone loeated between the eyes that extends into the nasal eavity eye soekets, and eranial 

floor is ealled the_ 

4. The hard bone matrix is eomposed mainly of salts of the element_ 

5. The greater and lesser troehanters are found on the_ 

6. The small flmd-filled saes near some joints are ealled_ 

7. Pivot, hinge, and gliding joints are examples of freely movable joints, also ealled 


8. Swimming the front crawl requires a broad circular movement at the shoulder that is a eombi- 

nation of simpler movements. This eombined motion is ealled-. 

9. When you bend your foot upward to walk on your heels, the position of the foot is teehnieally 

ealled_ 

10. In the embryo, most of the developing bones are made of_ 

11. The type of bone tissue that makes up the shaft of a long bone is ealled 


9 . 


10 . 
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LINDERSTANDING C0NCEPTS 
I. TRIIE/FALSE 

For eaeh statement, write T for true or F for false in the blank to the left of eaeh number. If a state- 
ment is false, eorreet it by replaeing the underlined term, and write the eorreet statement in the 
blanks below the statement. 

_1. The shaft of a long bone eontains yellow marrow. 


2. The ethmoid bone is in the axial skeleton. 


3. Moving a bone toward the midline is abduction . 


4. The pointed projeetion of the ulna on the posterior surface of the elbow is ealled the axis . 


5. Inereasing the angle at a joint is extension . 


6. There are sìx pairs of false ribs. 


7. A mature bone eell is an osteoevte . 


8. Immovable joints are ealled amphiarthroses. 


9. The ends of a long bone are eomposed mainly of spongy bone. 


10. The medial malleolus is found at the distal end of the fibula. 
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II. PRACTICAL APPLICATIONS 

Ms. M, aged 67, suffered a serious fall at a reeent bowling tournament. As a physieian assistant 
trainee, you are responsible for her preliminary evaluation. 

1. Her right forearm is bent at a peculiar angle. You suspect a fracture to the radius or to the 

2. Ms. M is eradling her upper extremity at the elbow. The projeetion of the humerus partieipating 

in the elbow joint is the_ 

3. Based on the types of movement it normally permits, the elbow joint is elassified as a(n) 

4. The arm x-ray also reveals a number of fractures in the wrist bones, which are also ealled the 

5. Ms. M also reports pain in the hip region. The hip joint eonsists of the femur and a deep soeket 

ealled the_ 

6. An x-ray reveals a eraek in one of the “sitting bones” that support the weight of the trunk when 

sitting. This bone is ealled the_ 

7. The large mmrber of fractures Ms. M suffered suggests that she may have a bone disorder. The 

physieian preseribes a new medieation designed to inerease the aetivity of eells that synthesize 
new bone tissue. These eells are ealled_ 


III. SHORT ESSAYS 

1. What is the function of the fontanels? 



2. Deseribe the four curves of the adult spine, and explain the purpose of these curves. 



3. What are the differenees among tme ribs, false ribs, and floating ribs? 
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4. List the bones that make up the elbow joint, and deseribe three different articulations between 
these three bones. 


CONCEPTUAL THINKING 

1. The following questions relate to the knee joint. 

a. Classify the knee joint in terms of the degree of movement permitted. 


b. List the types of movement that ean occur at the knee joint. 


e. Based on your answer to part b, elassify the knee joint based on the types 
of movement permitted. 


d. Classify the knee joint in terms of the material between the adjoining bones. 


e. List the bones that articulate within the capsule of the knee joint. 


2. List, in order, the movements (e.g., abduction) that must occur in order to aeeomplish the fol- 
lowing aetions: 

a. A ehild brings her leg far behind her and then kieks the ball, bringing her leg in front of her. 


b. You hear your friend shouting, and turn your head to the right in the direetion of the sound. 


e. The person in the ear next to you bends his arm at the elbow to serateh his nose and then 
straightens his arm again. 


3. Using the text’s Figure 6-5 for referenee, list all of the bones that make up the eye soeket. 
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Expanding Your Horízons 

The human skeleton has evolved from that of four-legged animals. Unfortunately, the adaptation 
is far from perfeet; our upright posture ean cause problems like baekaehe and knee injuries. If you 
could design the human skeleton from serateh, what would you ehange? A Seientifie Ameriean 
artiele suggests some improvements. 

■ Olshansky JS, Carnes BA, Butler RN. If humans were built to last. Sei Am 2001;284:50-55. 



0 ve rvi e w 


There are three basie types of muscle 
tissue: skeletal, smooth, and eardiae. 
This ehapter focuses on skeletal mus- 
ele, which is usually attaehed to bones. 
Skeletal muscle is also ealled voluntary 
muscle, because it is normally under 
conscious eontrol. The muscular sys- 
tem is eomposed of more than 650 
individual muscles. 

Skeletal muscles are aetivated by elee- 
trieal impulses from the nervous system. 
A neuron (nerve eell) makes eontaet with 
a muscle eell at the neuromuscular junc- 
tion. The neurotransmitter aeetyleho- 
line transmits the signal from the neuron 
to the muscle eell by producing an elee- 
trieal ehange ealled the aetion potential 
in the muscle eell membrane. The aetion 
potential causes the release of calcium 
from speeialized endoplasmie reticulum 
(known as sareoplasmie reticulum) into 
the muscle eell eytoplasm (known as 
the sareoplasm). Calcium enables two 
types of intracellular hlaments inside 
the muscle eell, made of aetin and myo- 
sin, to eontaet eaeh other. The myosin 
hlaments pull the aetin hlaments eloser 
together, resulting in muscle shortening. 

ATP is the direet source of energy 
for the eontraetion, and it is made on 
demand by muscle eells. Only a small 
amount of ATP ean be synthesized 
without oxygen (anaerobieally), from 
ereatine phosphate and glucose. Most 
ATP is synthesized from glucose and 
fatty aeids by oxidation, a proeess that 
requires adequate amounts of oxygen 
and mitoehondria. A reserve supply of 
glucose is stored in muscle eells in the 
form of glyeogen. Additional oxygen is 
stored by a muscle eell pigment ealled 
myoglobin. 
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Muscles usually work in groups to execute a body movement. The muscle that produces a given 
movement is ealled the prime mover; the muscle that produces the opposite aetion is the antago- 
nist. Muscles that assist the prime mover are ealled synergists; the prime mover and synergists are 
eolleetively known as agonists. 

Muscles aet with the bones of the skeleton as lever systems, in which the joint is the pivot point 
or fulcrum. Exercise and proper body meehanies help maintain muscle health and effeetiveness. 
Continued aetivity delays the undesirable effeets of aging. 

This ehapter eontains some ehallenging eoneepts, particularly in respeet to the meehanism of 
muscle eontraetion, and many muscles to memorize. Try to learn the muscle names and aetions 
by using your own body. You should be familiar with the different movements and the anatomy of 
joints from ehapter 7 before you taekle this ehapter. 


Addressing the Learn ng Objeetives 

I. C0MPARE THE THREE TYPES OF MUSCLE TISSUE. 

EXERCISE 7-1 

Fill in the blank after eaeh statement—does it apply to skeletal muscle (SK), smooth muscle (SM), 
or eardiae muscle (CA)? Note that some eharaeteristies may apply to more than one muscle type. 

1. Usually attaehed to bone _ 

2. Only found in the heart _ 

3. Found in the walls of hollow organs _ 

4. Regulates the diameter of an opening, such as a blood vessel _ 

5. Invohmtary _ 

6. Vohmtary _ 

7. Contains interealated disks _ 

8. Contains striations _ 

9. Does not eontain striations _ 

10. Cells have single nuclei _ 

II. Cells have rmdtiple nuclei _ 

12. Controlled by the somatie nervous system _ 
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2. DESCRIBE THREE FUNCTIONS OF SKELETAL MUSCLE. 

EXERCISE 7-2 

List three functions of skeletal muscle in the spaees below. 

1 _ 

2 _ 

3_ 

3. DESCRIBE THE STRUCTURE OF A SKELETAL MUSCLE TO THE LEVEL OF INDIVIDUAL 
CELLS. 


EXERCISE 7-3: Structure of a Skeletal Muscle (Text Fig. 7-1) 

Label eaeh of the indieated parts. Hint: Parts 3, 4, and 5 are membranes. 
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4. OLITLINE THE STEPS IN SKELETAL MUSCLE C0NTRACTI0N. 
EXERCISE 7-4: Neuromuscular Junction (Text Fig. 7-2B and C) 

Label eaeh of the indieated parts. Hint: Part 8 is a ehemieal. 






1 . 

2 . 

3. 

4. 

5. 

6 . 

7. 

8 . 
9. 

10. 
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EXERCISE 7-5 

Write the appropriate term in eaeh blank from the list below. Not all terms will be used. 
synaptie eleft motor end plate motor unit aetin sareoplasmie reticulum 

myosin troponin sareomere tropomyosin 

1. The protein that makes up muscle’s lighter, thin filaments _ 

2. The protein that interaets with aetin to form eross-bridges _ 

3. The membrane of the muscle eell that binds ACh _ 

4. The spaee between the neuron and the muscle eell _ 

5. A single neuron and all of the muscle fibers it stimulates _ 

6. A protein that binds calcium during muscle eontraetion _ 

7. The organelle that stores calcium in resting muscle eells _ 

8. A eontraeting subunit of skeletal muscle _ 

EXERCISE 7-6 

In the blanks, write the name of the substance that is aeeomplishing eaeh aetion. Eaeh term may 
be used more than onee. 

ATP calcium aeetyleholine 

myoglobin ereatine phosphate glyeogen 

1. Substance released into the synaptie eleft _ 

2. The immediate source of energy for muscle eontraetion _ 

3. Binds to troponin when muscle eontraets _ 

4. Used to detaeh the myosin head _ 

5. Pumped baek into the ER when muscle relaxes _ 

6. Causes an aetion potential when it binds the motor end plate _ 

7. A compound similar to ATP that ean be used to generate ATP _ 

8. A polysaeeharide that ean be used to generate glucose _ 

9. A compound that stores oxygen within muscle eells _ 
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EXERCISE 7-7 

The events of muscle eontraetion are listed below, but they are out of order. Plaee the following 

events in order by writing the appropriate numbers in the blanks. The hrst one has been done for 

you. 

1 a. Aeetyleholine (ACh) is released from an axon terminal into the synaptie eleft at the neu- 

romuscular junction. 

_ b. Using stored energy, myosin heads pull aetin filaments together within the sareomeres, 

and the eell shortens. 

_ e. Myosin heads bind to aetin forming eross-bridges. 

_ d. ACh binds to reeeptors in the muscle’s motor end plate and produces an aetion potential. 

_ e. New ATP is used to detaeh myosin heads and move them baek to position for another 

“power stroke.” 

_ f. The aetion potential travels to the sareoplasmie reticulum (SR). 

_ g. Calcium shifts troponin and tropomyosin so that binding sites on aetin are exposed. 

_h. Muscle relaxes when stimulation ends and the calcium is pumped baek into the sareo- 

plasmie reticulum. 

_ i. The sareoplasmie reticulum releases calcium into the eytoplasm. 

5. LIST C0MP0UNDS STORED IN MUSCLE CELLS THAT ARE USED T0 GENERATE ENERGY. 


See Exercises 7-6 and 7-8. 


6. EXPLAIN WHAT HAPPENS IN MUSCLE CELLS C0NTRACTING ANAEROBKALLY. 
EXERCISE 7-8 

Circle all answers that are eorreet (there are two). 

In muscle eells eontraeting anaerobieally: 

a. Creatine phosphate ean generate ATP. 

b. Mitoehondria break down fatty aeids for energy. 

e. Glyeolysis ean generate ATP by partially breaking down glucose. 
d. Muscle fatigue results when eells run out of ATP. 
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7. CITE THE EFFECTS OF EXERCISE ON MUSCLES, 

EXERCISE 7-9 

Label eaeh of the following statements as tme (T) or false (F). 

1. Resistanee exercise causes muscle hypertrophy. 

2. Blood vessels eonstriet in aetively eontraeting muscles. 

3. Weight lifting is the most effieient way to improve endurance. 

4. Regular exercise inereases the number of eapillaries in 
muscles. 

5. Regular exercise deereases the number of mitoehondria in 
muscles. 

6. Short bursts of high-intensity exercise appear to be more 
effeetive at promoting health than do longer periods of 
low-intensity exercise. 

7. Statie stretehing before a workout ean improve muscle 
strength and reduce the risk of injury. 

8. C0MPARE ISOTONK AND ISOMETRK C0NTRACTI0NS. 


See Exercise 7-10. 


9. EXPLAIN H0W MUSCLES W0RK TOGETHER T0 PR0DUCE MOVEMENT. 
EXERCISE 7-10 

Write the appropriate term in eaeh blank from the list below. 
origin prime mover antagonist synergist 

isotonie isometrie insertion 

1. A muscle aeting as a helper to aeeomplish a particular 

movement _ 

2. The muscle attaehment joined to the more moveable part _ 

3. The muscle attaehment joined to the less moveable part _ 

4. The muscle that produces a given movement _ 

5. A muscle that relaxes during a given movement _ 

6. A eontraetion in which the muscle shortens but muscle 

tension remains the same _ 

7. A eontraetion in which muscle tension inereases but muscle 

length is unchanged _ 
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EXERCISE 7-11: Muscle Attaehmentto Bones (Text Fig. 7-6) 

1. Write the names of the labeled muscles in the blanks 1 to 4. Beside eaeh muscle name, state 
whether the muscle aets as an antagonist, synergist, or prime mover in elbow flexion. 

2. Identify the origin and the insertion of rmrsele 1 by writing the eorreet terms in blanks 5 and 6. 




1 . 

2 . 

3. 

4. 

5. 

6 . 
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10, eOMPARE THE W0RKINGS OF MUSCLES AND BONES TO LEVER SYSTEMS> 

EXERCISE 7-12 

Fill in the blank after eaeh muscle aetion—does it apply to a hrst (F), seeond (S), or third (T)-elass 
lever? 

1. Nodding the head _ 

2. Performing a bieeps curl _ 

3. Biting an apple with your ineisors (front teeth) _ 


11, EXPLAIN H0W MUSCLES ARE NAMED, 

EXERCISE 7-13 

For eaeh muscle name, write the eharaeteristie(s) used for the name. Choose between the following 
six options: loeation, size, shape, direetion of hbers, mrniber of heads, and/or aetion. The number 
of blanks indieates how many eharaeteristies apply to eaeh muscle. Note that femoris means thigh, 
braehii means arm, and teres means rounded. 

1. trapezius_ 

2. quadriceps femoris_ 

3. rectus abdominis_ 

4. flexor earpi_ 

5. teres minor_ 
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12. NAME SOME OF THE MAJOR MUSCLES 1N EACH MUSCLE GROUP, AND DESCRIBE 

THE LOCATIONS AND FUNCTIONS OF EACH. 

EXERCISE 7-14: Superficial Muscles: Anterior View (Text Fig. 7-8) 

1. Write the name of eaeh labeled muscle on the numbered lines in different eolors. 

2. Color the different muscles on the diagram with the eorresponding eolors. 



Anterior view 
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EXERCISE 7-15: Superficial Muscles: Posterior View (Text Fig. 7-9) 

1. Write the name of eaeh labeled muscle or tendon on the numbered lines in different eolors (part 
16 is a bone feature). If possible, use the same eolors you used for the muscles in Exercise 7-14. 
Note: You may need to consult Figure 7-15 in the textbook in order to label all of the muscles. 

2. Color the different muscles and tendons on the diagram with the eorresponding eolors. 





19 








16 




18 






> 


13 




Posterior view 
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EXERCISE 7-16: Muscles of the Head (Text Fig. 7-10) 

Write the name of eaeh labeled muscle or tendon on the nmnbered lines in different eolors. If pos- 
sible, use the same eolors you used for the rmtseles in Exercises 7-14 and 7-15. Color the different 
rmrseles and tendons on the diagram with the eorresponding eolors. 


1 . 

2 . 

3. 

4. 

5. 

6 . 

7. 

8 . 

9. 

10 . 

11 . 

12 . 

13 . 


11 
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EXERCISE 7-17: Muscles of the Thigh: Anterior View (Text Fig. 7-15A) 

Write the name of eaeh labeled muscle, tendon, or bone on the mtmbered lines in different eolors. 
If possible, use the same eolors you used for the rmrseles in Exercise 7-14. Color the different 
structures on the diagram with the eorresponding eolors. 


1 . 

2 . 

3. 

4. 

5. 

6 . 

7. 

8 . 

9. 

10 . 

11 . 
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EXERCISE 7-18 

Write the appropriate term in eaeh blank from the list below. Not all terms will be used. 

sternoeleidomastoid buccinator masseter trapezius orbicularis oris 

deltoid rotator cuff orbicularis oculi braehialis 

1. The muscle eapping the shoulder and upper arm _ 

2. A deep muscle group that supports the shoulder joint _ 

3. A muscle that eloses the eye _ 

4. The muscle that makes up the fleshy part of the eheek _ 

5. A muscle that eloses the jaw _ 

6. A muscle on the side of the neek that flexes the head _ 

7. A main flexor of the forearm _ 

8. A triangular muscle on the baek of the neek and the 

upper baek that extends the head _ 

EXERCISE 7-19 

Write the appropriate term in eaeh blank from the list below. Not all terms will be used. 

trieeps braehii serratus anterior braehioradialis bieeps braehii 

intereostals levator ani ereetor spinae latissimus dorsi 

1. A large muscle of the middle and lower baek that inserts 
in the humerus and extends the arm at the shoulder 

behind the baek _ 

2. The muscle in the pelvie floor that aids in defeeation _ 

3. A muscle on the front of the arm that flexes the elbow and 

supinates the hand _ 

4. The large muscle on the baek of the arm that extends 

the elbow _ 

5. A ehest muscle inferior to the axilla that moves the scapula 

forward _ 

6. A deep muscle that extends the vertebral column _ 

7. Muscles between the ribs that ean enlarge the thoraeie eavity _ 
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EXERCISE 7-20 

Write the appropriate term in eaeh blank from the list below. Not all terms will be used. 

rectus abdominis transversus abdominis gluteus maximus 

gluteus medius iliopsoas adductor longus 

graeilis bieeps femoris rectus femoris 

1. Member of the quadriceps femoris muscle group _ 

2. The muscle that forms much of the fleshy part 

of the buttock _ 

3. A deep muscle of the buttock that abducts the thigh _ 

4. A vertieal muscle eovering the anterior surface of 

the abdomen _ 

5. A muscle that aids in pressing the thighs together _ 

6. A muscle extending from the pubic bone to the tibia 

that adducts the thigh at the hip _ 

7. A powerful flexor of the thigh that arises from the ilium _ 

EXERCISE 7-21 

Write the appropriate term in eaeh blank from the list below. Not all terms will be used. 

sartorius gastrocnemius soleus fibularis longus 

tibialis anterior quadriceps femoris semimembranosus flexor digitomm group 

1. The thin muscle that travels down and aeross the medial 

surface of the thigh _ 

2. The ehief muscle of the ealf of the leg _ 

3. The muscle that inverts and dorsiflexes the foot _ 

4. Muscles that flex the toes _ 

5. The muscle that everts the foot _ 

6. A deep muscle that plantar flexes the foot at the ankle _ 

7. A group of four muscles forming the bulk of the 

anterior thigh _ 
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13> DESCRIBE H0W MUSCLES CHANGE WITH AGE> 

EXERCISE 7-22 

Your great aunt suffers a minor fall, so you take her to the hospital to be eheeked. A healtheare 
worker reeords her height as 5 ft 2 in. Your great aunt asks you why she is falling so much lately and 
why her height has deereased in the past two years. Which ehanges in her muscular system could 
account for frequent falls and deereased height? 


14. USING INFORMATION IN THE TEXT f LISTTHE MAJOR MUSCLES INVOLVED IN 

WALKING AND BREATHING, MUSCLES THAT ARE TYPKALLY AFFECTED IN CASES 
OF MUSCULAR DYSTROPHY. 

EXERCISE 7-23 

Deseribe the contribution of eaeh of these muscles to either walking or breathing. You may need to 
walk around to hgure out the roles of the different walking muscles! 

a. intereostal muscles 


b. Diaphragm 


e. Gluteus maximus 


d. Gluteus medius 


e. Iliopsoas 


f. Gastrocnemius 
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15. SHOW HOW WORD PARTS ARE USED TO BUILD W0RDS RELATED TO THE 

MUSCULAR SYSTEM. 

EXERCISE 8-24 

Complete the following table by writing the eorreet word part or meaning in the spaee provided. 
Write a word that eontains eaeh word part in the “Example” column. 

Word Part Meaning Example 

1. _ muscle _ 

2. braehi/o _ _ 

3. _ ton/o _ 

4. erg/o _ _ 

5. troph/o _ _ 

6. _ four _ 

7. _ air, gas _ 

8. _ flesh _ 


9. vas/o 

10. iso- 
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Making the Connections 

The following eoneept map deals with substances and structures required for muscle eontraetion. 
Eaeh pair of terms is linked together by a eonneeting phrase into a sentenee. The sentenee should 
be read in the direetion of the arrow. Complete the eoneept map by hlling in the appropriate term 
or phrase. There is one right answer for eaeh term. However, there are many eorreet answers for the 
eonneeting phrases. 


Endoplasmie reticulum 



t 

Calcium 



t 


Troponin/tropomyosin 


0 


Move to uncover 
myosin binding 
sites on 


t 


0 


mlm 

Forms erossbridges 
with 

V 



Is broken 
down to form 


t 

Glucose 


Detaehes from 
aetin in the 
presenee of 



0 


Is broken 
down to 
generate 



Oxygen 


Can be 
stored in 


0 


Optional Exercise: Make your own eoneept map based on the events of muscle eontraetion. Use 
the following terms and any others you would like to include: neuron, aeetyleholine, neuromus- 
cular junction, synaptie eleft, motor end plate, myosin, aetin, endoplasmie reticulum, calcium, 
sareomere, troponin/tropomyosin, and ATP. 
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Testing Your Knowledge 

BLIILDING IJNDERSTANDING 
I. MULTIPLE CHOICE 

Seleet the best answer. 

1. Which of the following statements is NOT true of skeletal muscle? 1. 

a. The eells are long and threadlike. 

b. It is deseribed as striated. 
e. It is invohmtary. 

d. The eells are multinucleated. 

2. When muscles and bones aet together in the body as a lever system, 

what is the pivot point or fulcrum of the system? 2. 

a. joint 

b. tendon 

e. ligament 

d. myoglobin 

3. Which of the following is an aetion of the quadriceps femoris? 3. 

a. flex the thigh 

b. extend the leg 

e. adduct the leg 

d. abduct the thigh 

4. Which of the following is NOT a hmetion of skeletal muscle? 4. 

a. heat generation 

b. maintenanee of posture 

e. moving substances through the digestive system 

d. moving bones 

5. Which of the following is NOT a muscle of the hamstring group? 5. 

a. bieeps femoris 

b. rectus femoris 

e. semimembranosus 

d. semitendinosus 

6. What is the name of the eonneetive tissue layer around individual 

muscle hbers? 6. 

a. epimysium 

b. perimysium 

e. superficial faseia 

d. endomysium 

7. Where does ATP attaeh during muscle eontraetion? 7. 

a. tropomyosin 

b. myosin 

e. aetin 

d. troponin 
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8. Which of the following proeesses requires oxygen? 8._ 

a. ATP generation from fatty aeids 

b. glyeolysis 

e. ereatine phosphate breakdown 

d. laetie aeid synthesis 

9. Which of these terms deseribes a broad tendon sheet? 9._ 

a. ligament 

b. aponeurosis 

e. bursa 

d. meniscus 

II. C0MPLETI0N EXERCISE 

Write the word or phrase that eorreetly eompletes eaeh sentenee. 

1. Normally muscles are in a partially eontraeted state, even when not in use. This state of mild 

eonstant tension is ealled_ 

2. The hemoglobin-like compound that stores oxygen in muscle is_ 

3. The muscle attaehment that is usually relatively fixed is ealled its_ 

4. A eontraetion in which the muscle lengthens as it exerts foree is deseribed as 

' • 

5. The band of eonneetive tissue that attaehes the gastrocnemius muscle to the heel is the 

' • 

6. The nmseles of the pelvie floor together form the_ 

7. A muscle that must relax during a given movement is ealled the_ 

8. The muscle that eneireles the mouth is the_ 

9. The muscular partition between the thoraeie and abdominal eavities is the 

■ • 

10. A superficial muscle of the neek and upper baek aets at the shoulder. This muscle is the 

■ • 

11. The large muscle of the upper ehest that flexes the arm aeross the body is the 

■ • 

12. A spasm of the viseeral muscles is known as_ 

13. The muscle responsible for dorsiflexion and inversion of the foot is the 
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LINDERSTANDING CONCEPTS 
I. TRLIE/FALSE 

For eaeh statement, write T for true or F for false in the blank to the left of eaeh number. If a state- 
ment is false, eorreet it by replaeing the underlined term, and write the eorreet statement in the 
blanks below the statement. 

_1. The trieeps braehii flexes the arm at the elbow. 


2. Muscle fatigue ean result when phosphate accumulates in the eell. 


3. In an isometrie eontraetion, muscle tension inereases but the muscle does not shorten. 


4. A muscle that stabilizes a body part during a movement is ealled a(n) svnergist . 


5. The neurotransmitter used at the neuromuscular junction is norepinephrine . 


6. A eontraeting subunit of skeletal muscle is ealled a(n) eross-bridge . 


7. The storage form of glucose is ealled ereatine phosphate . 


8. The element that binds to the troponin and tropomyosin complex is calcium . 


II. PRACTICAL APPLKATIONS 

Study eaeh discussion. Then write the appropriate word or phrase in the spaee provided. 

> Group A 

Ms. J is sitting at her desk studying for her anatomy final exam. 

1. She has excellent posture with her baek straight. The deep baek muscle responsible for her ereet 

posture is the_ 

2. Ms. J has a eheerfid disposition, and she likes to whistle while she works. The eheek muscle 

involved in whistling is the_ 
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3. Ms. J is furiously writing notes, and her hand is flexed around the pen. The muscle groups that 

flex the hand are ealled the_ 

4. Every few pages, Ms. J flexes her arm. This aetion requires eontraetion of the anterior portion 

of both the peetoralis major and the_ 

5. After several hours of intense studying, Ms. J takes a break. Stretehing, she straightens her leg 

at the knee joint. The muscle that aeeomplishes this aetion is the_ 

> Group B 

Ms. K, age 29, joined a gym that offered an aggressive form of eross-training. 

1. They begin the workout with a 20-minute run. Endurance training inereases the quantity of a 

speeifie organelle that generates ATP aerobieally. This organelle is the_ 

2. Next, they begin on the resistanee training portion of the workout. Ms. K asks if the resistanee 

training will give her bigger muscles. She is told that her muscle eells may inerease in size, a 
ehange ealled_ 

3. The first resistanee exercise is a squat. Ms. K plaees a barbell aeross her shoulders, and slowly 

lowers her body into a squat position. This exercise works the muscle that makes up the fleshy 
part of the buttock. This muscle is the_ 

4. During this exercise, the buttock muscle actually lengthens as it eontraets. This type of eontrae- 

tion is deseribed as_ 

III. SHORT ESSAYS 

L For eaeh of the following word pairs, write a sentenee explaining their roles in muscle eontraetion. 
a. glyeogen and glucose 


b. calcium and oxygen 


e. aeetyleholine and ATP 
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2. Ms. L has suffered an embarrassing (but relatively painless) fall. Mr. L is staring at her with his 
mouth open. Ms. L asks him to aetivate two muscles to elose his jaw. Name these two muscles. 


CONCEPTUAL THINKING 


1. Your great uncle has deeided that it’s time to get in shape, so he has started jogging four times 
weekly. He eomplains that he gets tired easily because of all of the laetie aeid accumulating in 
his muscles. Do you think he’s right? Discuss the causes of muscle fatigue in your answer. 


2. After two weeks your great uncle wants to quit his exercise program, elaiming that it isn’t doing 
him any good and makes him too tired to watch late-night hoekey game remns. What would 
you tell him about the benefits of endurance exercise? 


3. During his physieal exam, Shane would have been asked to perform various aetions. For eaeh of these 
aetions, state the term that deseribes the movement and which muscles aeeomplished the aetion. 



Movement (e.g., flexion) 

Muscle(s) involved 

Bend arm at the elbow 



Straighten arm at the elbow 



Stand on tiptoe 



Straighten leg at knee 




Expandìng Your Horizons 

Are world-class athletes born or made? It is no eoineidenee that athletie performanee tends to run in 
families. Genetie influences on muscular function are discussed in an artiele in Sáentifìe Ameriean. 


■ Andersen JL, Sehjerling P, Saltin B. Muscle, genes and athletie performanee. Sei Am 2000;283(3):48-55. 

This information could be used to sereen for elite athletes—perhaps ehildren of the future will know 
in which sports they ean excel based on their genetie prohles. This possibility is discussed in a speeial 
Seientifie Ameriean issue entitled a Building the Elite Athlete.” 


■ Taubes G. Toward Molecular Talent Scouting. Seientifie Ameriean Presents: Building the Elite Athlete 2000;11:26-31. 



























































































































CHAPTER 





The Nervous System: The Spinal Cord and 
Spinal Nerves 



0 ve rvi e w 


The nervous system is the body’s eoor- 
dinating system, reeeiving, sorting, and 
eontrolling responses to both internal 
and external ehanges (stimuli). The 
nervous system as a whole is divided 
structurally into the eentral nervous 
system (CNS), made up of the brain 
and the spinal eord, and the peripheral 
nervous system (PNS), made up of the 
eranial and spinal nerves. The PNS eon- 
neets all parts of the body with the CNS. 
The brain and eranial nerves are the 
subject of Chapter 10. Functionally, the 
peripheral nervous system is divided 
into the somatie (voluntary) system and 
the autonomic (involuntary) system. 

The nervous system functions by 
means of the nerve impulse, an elee- 
trieal current or aetion potential that 
spreads along the membrane of the neu- 
ron (nerve eell). Eaeh neuron is eom- 
posed of a eell body and hbers, which are 
threadlike extensions from the eell body. 
A dendrite is a hber that earries impulses 
toward the eell body, and an axon is a 
hber that earries impulses away from the 
eell body. Some axons are eovered with 
a sheath of fatty material ealled myelin, 
which insulates the hber and speeds 
conduction along the hber. In the PNS, 
neuron hbers are eolleeted in bundles to 
form nerves. Bundles of hbers in the CNS 
are ealled traets. Nerve eells make eon- 
taet at a junction ealled a synapse. Here, 
a nerve impulse travels aeross a very nar- 
row eleft between the eells by means of a 
ehemieal referred to as a neurotransmit- 
ter. Neurotransmitters are released from 
axons of presynaptie eells to be pieked 
up by reeeptors in the membranes of 
responding eells, the postsynaptie eells. 
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A neuron may be elassified as a sensory (afferent) type, which earries impulses toward the CNS, 
or a motor (efferent) type, which earries impulses away from the CNS. Interneurons are eonneeting 
neurons within the CNS. 

The basie fimetional pathway of the nervous system is the reflex are, in which an impulse trav- 
els from a reeeptor, along a sensory neuron to a synapse or synapses in the CNS, and then along a 
motor neuron to an effeetor organ that earries out a response. 

The spinal eord earries impulses to and from the brain. It is also a eenter for simple reflex aetivi- 
ties in which responses are eoordinated within the eord. 

The autonomic nervous system eontrols unconscious aetivities. This system regulates the aetions 
of glands, smooth muscle, and the heart muscle. The autonomic nervous system has two divisions, 
the sympathetie nervous system and the parasympathetie nervous system, which generally have 
opposite effeets on a given organ. 


Addressing the Learning Objeetives 

1. OLITLINE THE ORGANIZATION OF THE NERV0US SYSTEM ACCORDING TO STRUCTURE 
AND FUNCTI0N. 


EXERCISE 8-1: Anatomie Divisions of the Nervous System (Text Fig. 8-1) 


1. Label the structures of the nervous system by 
writing the eorreet term in spaees 1 to 4. Label 
the two anatomie divisions of the nervous sys- 
tem by writing the eorreet term in boxes 5 and 6. 
Note that the term in box 5 deseribes the struc- 
tures labeled on the right side of the diagram, 
and the term in box 6 deseribes the structures 
labeled on the left side of the diagram. 


1 . 

2 . 

3. 

4. 
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EXERCISE 8-2 

Write the appropriate term in eaeh blank from the list below. 

eentral nervous system peripheral nervous system somatie nervous system 

sympathetie nervous system parasympathetie nervous system autonomic nervous system 

1. The functional division that eontrols the heart _ 

2. The hmetional division that eontrols skeletal muscles _ 

3. The system that promotes the fight-or-flight response _ 

4. The system that stimulates the aetivity of the digestive traet _ 

5. The structural division that inehtdes the brain _ 

6. The structural division that includes the eranial nerves _ 


2. DESCRIBE THE STRUCTURE OF A NEUR0N. 


Also see Exercise 8-4. 

EXERCISE 8-3: The Motor Neuron (Text Fig. 8-2) 

1. Write the name of eaeh labeled part on the numbered 
lines in different eolors. Structures 4 and 5 will not be 
eolored, so write their names in blaek. 

2. Color the different structures on the diagram with the 
eorresponding eolors. 

3. Add large arrows showing the direetion the nerve 
impulse will travel from the dendrites to the muscle. 


1 . 

2 . 

3. 

4. 

5. 

6 . 

7. 

8 . 



0 
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3. EXPLAIN THE C0NSTRUCTI0N AND FUNCTI0N OF THE MYELIN SHEATH, 
EXERCISE 8-4 

Write the appropriate term in eaeh blank from the list below. 
dendrite neurilemma axon 

node white matter gray matter 

1. A neuron fiber that earries impulses away from the eell body _ 

2. The part of a neuron that reeeives a stimulus _ 

3. The sheath around some neuron fibers that aids in regeneration _ 

4. A gap in the neuron sheath _ 

5. The portion of the spinal eord made up of myelinated axons _ 

6. Neural tissue eomposed of eell bodies and unmyelinated axons _ 


EXERCISE 8-5: Formation of a Myelin Sheath (Text Fig. 8-4) 


1. Write the name of eaeh labeled part on 
the numbered lines in different eolors. 
Structures 5, 7, 8, and 9 will not be eol- 
ored, so write their names in blaek. 

2. Color the different structures on the 
diagram with the eorresponding eolors. 
Make sure you eolor the structure in all 
parts of the diagram. For instanee, struc- 
ture 3 is visible in three loeations. 



1 . 

2 . 

3. 

4 . 

5. 

6 . 

7. 

8 . 

9. 




B 
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4. DESCRIBE H0W NELIRON FIBERS ARE BLIILT INTO A NERVE, 
EXERCISE 8-6 

Write the appropriate term in eaeh blank from the list below. 
neuron traet endoneurium perineurium 

epineurium nerve faseiele 

1. The seientifie name for a nerve eell 

2. A group of axons within a nerve or traet 

3. A bundle of neuron fibers loeated outside the eentral nervous 
system 

4. A bundle of neuron fibers loeated within the eentral nervous 
system 

5. The eoating of an individual neuron 

6. The eoating of an entire nerve 

7. The eoating of a small group of axons within a nerve 


5. LIST F0UR TYPES OF NELIROGLIA IN THE CENTRAL NERV0US SYSTEM, AND CITE THE 
FUNCTIONS OF EACH. 


EXERCISE 8-7 

Complete the following table. Use Figure 8-6 and information in the narrative. 


Name 

Appearanee 

Function 



Forms the myelin sheath of 
CNS neurons 

Mieroglia 




Cuboidal eells lining 
ventrieles 



Star-shaped eells 
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6. DIAGRAM AND DESCRIBE THE STEPS IN AN ACTI0N POTENTIAL 
EXERCISE 8-8 

1. In the spaee below, draw an aetion potential traeing as illustrated in Figure 8-7. On your dia- 
gram, indieate which event is occurring (rising phase, falling phase, or resting) and which ion 
is moving (sodium [Na + ] or potassium [K + ]), if any. 


EXERCISE 8-9 

Write the appropriate term in eaeh blank from the list below. 

Na + K + hyperpolarization depolarization 

repolarization rising phase falling phase 

1. Any ehange that brings membrane potential eloser to rest _ 

2. Any ehange that makes the membrane potential less negative 

than at rest _ 

3. Any ehange that makes the membrane potential more negative 

than at rest _ 

4. The phase of the aetion potential in which the membrane 

potential ehanges from about -70 mV to +55 mV _ 

5. The phase of the aetion potential in which the membrane 

potential ehanges from +55 mV to -70 mV _ 

6. The ion that enters the eell during the rising phase of the aetion 

potential _ 

7. The ion that leaves the eell during the falling phase of the aetion 

potential _ 

EXERCISE 8-10 

Plaee the following events in order by writing the appropriate numbers (1 through 4) in the blanks. 

_a. The aetion potential opens sodium ehannels in adjaeent portions of the membrane. 

_b. Sodium entry into the eell causes another aetion potential in the adjaeent portion of the 

membrane. 

_e. A stimulus initiates an aetion potential. 

_d. Open sodium ehannels let sodium enter the eell. 
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EXERCISE 8-11 

Label eaeh of the following statements as true (T) or false (F). 

1. Aetion potentials occur in axon regions surrounded by myelin. _ 

2. Aetion potential transmission is faster in myelinated neurons. _ 

3. Aetion potentials occur at nodes in myelinated axons. _ 

7. EXPLAIN THE ROLE OF NELIROTRANSMITTERS IN IMPULSE TRANSMISSION 
AT A SYNAPSE. 

EXERCISE 8-12: A Synapse (Text Fig. 8-10) 

Label the parts of the synapse shown below. 

1_ 

2_ 

3 _ 

4 _ 

5 _ 

6 _ 

7 _ 

8 _ 

9_ 

10_ 


EXERCISE 8-13 

Plaee the following events in order by writing the appropriate numbers (1 through 5) in the blanks. 

_a. Neurotransmitter molecules bind to reeeptors in the postsynaptie membrane. 

_b. Neurotransmitter molecules are released into the synaptie eleft. 

_e. The nerve impulse arrives at the end of the presynaptie neuron. 

_d. Vesieles eontaining neurotransmitter fuse with the axonal plasma membrane. 

_e. The aetivity of the postsynaptie eell is altered. 
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EXERCISE 8-14 

List three examples of neurotransmitters in the spaees below. 

1_ 

2 _ 

3_ 

8. DESCRIBE THE DISTRIBUTION OF GRAY AND WHITE MATTER IN THE SPINAL C0RD. 
EXERCISE 8-15: The Spinal Cord (Text Fig. 8-llB) 

1. Write the name of eaeh labeled part on the numbered lines. Use the following eolor seheme: 

• 1 and 2: red • 7: light blue 

• 3, 4, 9: different dark eolors • 10: medium blue 

• 5: pink • ll:purple 

• 6: any light eolor 

2. Color or outline the different structures on the diagram with the eorresponding eolors. Color 
eaeh structure on both sides of the spinal eord, not just on the side that is labeled. 





11 




1. 

2 . 

3. 

4. 

5. 

6 . 


7. 

8 . 

9. 

10 . 

11. 
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9. DESCRIBE AND NAME THE SPINAL NERVES AND THREE OF THEIR MAIN 
PLEXUSES. 


EXERCISE 8-16: The Spinal Cord (Text Fig. 8-11A) 


Write the name of eaeh structure on the 
appropriate line. 

1 _ 

2 _ 

3 _ 

4 _ 

5 _ 

6 _ 

7 _ 

8 _ 

9_ 
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10. LIST THE C0MP0NENTS OF A REFLEX ARC. 


EXERCISE 8-17: The Reflex Are (Text Fig. 8-13) 


1. Write the names of the five 
eomponents of a refiex are on 
the numbered lines 1 to 5 in 
different eolors, and eolor the 
eomponents with the appro- 
priate eolor. Follow the eolor 
seheme provided below. 

2. Write the names of the parts 
of the spinal eord on num- 
bered lines 6 to 12 in dif- 
ferent eolors, and eolor the 
structures with the eorre- 
sponding eolors. Use the 
following eolor seheme: 

• 1, 2, 6, 7, 8: red 

• 3: green 

• 4, 10: medium blue 

• 5: purple 

• 9: do not eolor (write 
name in blaek) 

• 11: pink 

• 12:lightblue 

1_ 

2_ 

3 _ 

4 _ 

5 _ 

6._ 

7 _ 

8 _ 

9_ 

10_ 

11_ 

12_ 
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11. DEFINE A SIMPLE REFLEX, AND GIVE SEVERAL EXAMPLES OF REFLEXES> 

EXERCISE 8-18 

Use the terms below to eomplete the paragraph. 

patellar reflex simple reflex somatie reflex autonomic reflex 

A(n) (1)_deseribes any rapid automatic response involving very 

few neurons. Reflexes involving skeletal muscles are ealled (2) _; 

reflexes involving smooth rmtsele or glands are (3)_An example 

of the former type is the (4)_, a streteh reflex that involves striking 

a tendon in the knee region. 


12. C0MPARE THE L0CATI0NS AND FUNCTIONS OF THE SYMPATHETK AND 

PARASYMPATHETK NERV0US SYSTEMS. 

EXERCISE 8-19 

Fill in the blank after eaeh statement—does it apply to the sympathetie nervous system (S) or the 
parasympathetie nervous system (P)? 

1. Also deseribed as the adrenergie system _ 

2. Also deseribed as the eholinergie system _ 

3. Motor neurons originate in the thoracolumbar region of the 

spinal eord _ 

4. Motor neurons originate in the eraniosaeral region of the 

spinal eord _ 

5. Aetivation causes the pupils to dilate _ 

6. Aetivation causes blood vessels in digestive organs to dilate _ 

7. Terminal ganglia loeated in or near the effeetor _ 

8. Ganglia loeated near the spinal eord or in eollateral ganglia _ 

9. Aetivation deereases kidney aetivity _ 

10. Aetivation stinmlates the sweat glands _ 
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13. EXPLAIN THE ROLE OF CELLULAR RECEPTORS IN THE ACTI0N OF 

NEUROTRANSMITTERS IN THE AUT0N0MIC NERV0US SYSTEM. 

EXERCISE 8-20 

Write the appropriate term in eaeh blank from the list below. 
muscarinic reeeptor nieotinie reeeptor adrenergie reeeptor 

1. Binds norepinephrine _ 

2. Binds aeetyleholine and induces muscle eontraetion _ 

3. Aeetyleholine reeeptor found on effeetor organs of the 

parasympathetie system _ 


14. USING THE CASE STUDY f DESCRIBE THE EFFECTS 0F DEMYELINATION 0N M0T0R 

AND SENSORY FUNCTI0N. 

EXERCISE 8-21 


Use the terms below to eomplete the paragraph. Not all terms will be used. 

sensory motor deseending aseending dorsal 

ventral myelin multiple selerosis white matter gray matter 


Sue suffered from (1) 
The (2) _ 


_, a disease assoeiated with demyelination. 

_eoating of neuronal axons was destroyed by an auto- 

immune reaetion. Lesions were apparent in the type of spinal eord tissue eontaining myelinated 

axons, known as (3)_Sue’s sense of touch was impaired because 

_traets of her spinal eord. These 


of damage to neurons in the (4) 
neurons are known as (5)_ 


, or afferent neurons, and they reeeive 


input from neurons entering the spinal eord through the (6) 
Sue’s muscle eontrol was impaired because of damage to (7) 
rons in the (8)_ 


root. 

neu- 


traets of her spinal eord. Motor impulses from this 


pathway leave the spinal eord through the (9) 


root. 
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15. SH0W H0W W0RD PARTS ARE USED TO BUILD WORDS RELATED TO THE NERVOUS 

SYSTEM. 

EXERCISE 8-22 

Complete the following table by writing the eorreet word part or meaning in the spaee provided. 
Write a word that eontains eaeh word part in the “Example” column. 

Word Part Meaning Example 

1. _ sheath _ 

2. olig/o _ _ 

3. _ again, baek _ 

4. soma- _ _ 

5. _ nerve, nervous tissue _ 

6. _ remove _ 

7. aut/o _ _ 

8. post-_ _ _ 
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Making the Connections 

The following eoneept map deals with the organization of the nervous system. Eaeh pair of terms 
is linked together by a eonneeting phrase into a sentenee. The sentenee should be read in the diree- 
tion of the arrow. Complete the eoneept map by hlling in the appropriate term or phrase. There 
is one right answer for eaeh term. However, there are many eorreet answers for the eonneeting 
phrases (6, 7). 



Includes 
the long 


4 


The Nervous System 


Can be organized 
by loeation into the 





o 


peripheral nervous 



system 



lncludes 

the 


lncludes 
12 pairs 

of 


© 





lncludes 
31 pairs 
of 


Controls effeetors 
ealled 




Controls effeetors 
ealled 





Connect via ventral and dorsal roots to the 


eervieal plexus 







Plexus(es) 


Controlling the 
pelvis and legs 
is the 

- ► 



Controlling the 
upper extremity 
is the 




Optional Exercise: Make your own eoneept map based on the structures of the spinal eord and the 
eomponents of a rehex loop. Use the following terms and any others you would like to include: dorsal 
root ganglion, gray matter, white matter, ventral root ganglion, sensory neuron, motor neuron, 
reeeptor, muscle, gland, and effeetor. 
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Testing Your Knowledge 

BLIILDING IINDERSTANDING 
I. MULTIPLE CH0ICE 

Seleet the best answer. 

1. Which of the following terms deseribes a skin region supplied by a single 

spinal nerve? 1. 

a. dermatome 

b. ganglion 
e. plexus 

d. synapse 

2. Which of these structures would be most abundant in white matter? 2. 

a. neuron eell bodies 

b. dendrites 

e. unmyelinated axons 

d. myelinated axons 

3. Which of the following are effeetors of the nervous system? 3. 

a. sensory neurons and ganglia 

b. muscles and glands 

e. synapses and dendrites 

d. reeeptors and neurotransmitters 

4. Where would you hnd eell bodies of somatie sensory neurons? 4. 

a. dorsal root of the spinal eord 

b. sympathetie ehain 

e. ventral root of the spinal eord 

d. effeetor organ 

5. Which of the following substances is a neurotransmitter? 5. 

a. myelin 

b. aetin 

e. epinephrine 

d. sebum 

6. What happens during the falling phase of the aetion potential? 6. 

a. sodium ions enter the neuron. 

b. potassium ions leave the neuron. 

e. sodium ions leave the neuron. 

d. potassium ions enter the neuron 

7. Which neuron type eonveys impulses within the spinal eord? 7. 

a. sensory neurons 

b. motor neurons 

e. interneurons 
d. mixed nerves 










ehapter 8 The Nervous System: The Spinal Cord and Spinal Nerves 1 55 


II. C0MPLETI0N EXERCISE 

Write the word or phrase that eorreetly eompletes eaeh sentenee. 

1. Fibers that earry imprdses toward the neuron eell body are ealled_ 

2. The portion of the spinal eord made up of eell bodies and unmyelinated axons is ealled the 

■ • 

3. The fatty material that eovers some axons is ealled_ 

4. Dilation of the bronehial tubes is inereased by the part of the autonomic nervous system ealled 

the_ 

5. The tiny spaee separating the presynaptie and postsynaptie neurons is 

the_ 

6. The network of spinal nerves that supplies the pelvis and legs is 

the_ 

7. The brain and spinal eord together are referred to as the_ 

8. The neurotransmitter used at eholinergie synapses is_ 

9. The small ehannel in the eenter of the spinal eord that eontains eerebrospinal fluid is 

the_ 

10. The ion responsible for the rising phase of the aetion potential is_ 

11. The bridge of gray matter eonneeting the right and left horns of the spinal eord is 

the_ 

LINDERSTANDING C0NCEPTS 
I. TRLIE/FALSE 

For eaeh statement, write T for true or F for false in the blank to the left of eaeh number. If a state- 
ment is false, eorreet it by replaeing the underlined term, and write the eorreet statement in the 
blanks below the statement. 

_ 1. Motor impulses leave the dorsal horn of the spinal eord. 


2. A traet is a bundle of neuron fibers within the eentral nervous system. 

3. The parasympathetie system has terminal ganglia. 
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4. The braehial plexus eontrols the shoulder and arm. 


5. The parasympathetie system is adrenergie . 


6. The eranial nerves are part of the eentral nervous system. 


7. Neurotransmitters bind to speeifie proteins on the postsynaptie eell ealled transporters . 


8. At a synapse, a neurotransmitter is released from the postsynaptie eell. 


9. A reflex are that passes through the spinal eord but not the brain is ealled a spinal reflex. 


II. PRACTICAL APPLICATIONS 

Study eaeh discussion. Then write the appropriate word or phrase in the spaee provided. 

1. Mr. W, a patient with diabetes mellitus for 10 years, eomplained of pain and numbness of 
his feet. In observing Mr. W walk, the physieian noted there was weakness in the muscles 
responsible for dorsiflexion of the foot. The nerves that supply the foot are found in a plexus 

ealled the_ 

2. The physieian prieked Mr. W’s foot with a needle. Mr. W did not feel the needle priek, suggest- 
ing that there was a problem with the nerves that earry impulses to the brain. These nerves are 

ealled_ 

3. The physieian tapped below Mr. W’s knee to elieit a knee-jerk response. The tendon she struck 

was the_ 

4. When the tendon was stretehed, it aetivated a reeeptor. The type of neuron that eonveyed the 

signal from the reeeptor to the spinal eord is a(n)_ 

5. Mr. W knew that his tendon had been tapped, because signals passed to his brain through a 

nerve traet in the spinal eord ealled the_ 

6. The effeetor in this reflex are is the_ 
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III. SHORT ESSAYS 


1. List the events that occur in an aetion potential. 


2. What are neuroglia, and what are some functions of neuroglia? 


CONCEPTUAL THINKING 

1. Ms. J is teaehing English in Japan. She dines on a loeal delieaey ealled pufferfish, and shortly 
thereafter her lips go numb. She later diseovers that pufferfish eontain a toxin that bloeks 
sodium ehannels. Explain why her lips are numb. 


2. Dopamine is a neurotransmitter involved in feelings of pleasure. Cocaine bloeks the reuptake 
of dopamine. Use this information to discuss how eoeaine affeets mood. 


3. Following the procedure in the One Step at a Time box, answer these questions about experi- 
mental design. Dr. Gerbil had a hunch that taeo ehips could be used to treat bronehitis. So, he 
found 20 students with bronehitis. Fourteen students ate two bags (35 g eaeh) of taeo ehips 
eaeh day. Six students ate two bags of salt and vinegar ehips (35 g eaeh) eaeh day. He asked all 
of his subjects to refrain from smoking and aleohol, to eat the same diet (aside from the ehips), 
and not to take any eold medieations. After 1 week, 12 of the 14 students who ate taeo ehips 
were feeling well enough to run up two flights of stairs, but only 3 of the 6 students who ate 
salt and vinegar ehips were feeling well enough to aeeomplish the same task. Dr. Gerbil eon- 
cluded that his study was a success and reeommended that all bronehitis sufferers start eating 
taeo ehips. 

A. Identify the experimental and eontrolled variables. 

B. Find three problems with the design of this experiment. 
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Expanding Your Horízons 

Christopher Reeve of Superman fame is probably the best known vietim of a spinal eord injury. An 
equestrian injury pulverized his hrst and seeond eervieal vertebrae, resulting in eomplete paralysis 
of his limbs and semiparalysis of his respiratory muscles. He beeame a strong advoeate for spinal 
eord researeh, establishing the Christopher and Dana Reeve Foundation for spinal eord researeh and 
patient support. Check out the Foundation’s website for patient stories and breaking researeh news, 
or read the artiele listed below about advanees. 

■ Griffith A. Healing broken nerves. Sei Am 2007;297:28-30. 

■ Christopher and Dana Reeve Foundation. Available at: http://www.christopherreeve.org 



0 ve rvi e w 


The brain eonsists of the two eerebral 
hemispheres, the dieneephalon, the 
brain stem, and the eerebellmn. Eaeh 
eerebral hemisphere is eovered by a 
layer of gray matter, the eerebral cortex, 
which is further divided into four lobes 
(the frontal, parietal, temporal, and 
oeeipital lobes). Speeihe functions have 
been loealized to the different lobes. For 
instanee, the interpretation of visual 
images is performed by an area of the 
oeeipital lobe. The dieneephalon eon- 
sists of the thalamus, an important relay 
station for sensory impulses, and the 
hypothalamus, which plays an impor- 
tant role in homeostasis. The brain stem 
links the spinal eord to the brain and 
regulates many invohmtary hmetions 
neeessary for life, whereas the eerebel- 
lum is involved in eoordination and bal- 
anee. The limbie system is a widespread 
neuronal network involved in emotion, 
learning, and memory. 

The brain and spinal eord are eov- 
ered by three layers of hbrous mem- 
branes ealled the meninges. The 
eerebrospinal fluid (CSF) also proteets 
the brain and spinal eord by provid- 
ing support and cushioning. The CSF 
is produced by the ehoroid plexuses 
(eapillary networks) in four ventrieles 
(spaees) within the brain. 

Connected with the brain are 12 
pairs of eranial nerves, most of which 
supply structures in the head. Most 
of these, like all the spinal nerves, are 
mixed nerves eontaining both sensory 
and motor hbers. A few of the eranial 
nerves eontain only sensory hbers, 
whereas others are motor in function. 
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Addressing the Learn ng Objeetives 

1. GIVE THE LOCATIONS OF THE FOUR MAIN DIVISIONS OF THE BRAIN. 


EXERCISE 9-1: Brain, Sagittal Seetion (Text Fig. 9-1) 

1. Write the names of the four labeled brain divisions in lines 1 to 4, using four different eolors. 
Use red for #2 and blue for #3. Do not eolor the diagram yet. 

2. Write the name of eaeh labeled structure on the appropriate numbered line in different eolors. Use 
different shades of red for structures 5 and 6 and different shades of blue for structures 8 to 10. 

3. Color eaeh structure on the diagram with the eorresponding eolors. 



1 . 

2 . 

3. 

4. 

5. 

6 . 


7. 

8 . 

9. 

10 . 

11 . 

12. 
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EXERCISE 9-2 

Write the appropriate term in eaeh blank from the list below. 
lobe hemisphere eerebmm 

dieneephalon brain stem eerebellmn 

1. Eaeh half of the eerebmm 

2. The “little” brain that eoordinates voluntary muscle movements 

3. An individual subdivision of the eerebmm that regulates 
speeifie functions 

4. The portion of the brain that eontains the thalanms and 
hypothalamus 

5. Connects the spinal eord with the brain 

6. The largest part of the brain 

2. NAME AND DESCRIBE THE THREE MENINGES. 


(Also see Exercise 9-6.) 

EXERCISE 9-3: Meninges and Related Parts (Text Fig. 9-2) 

1. Write the name of eaeh labeled part on the numbered lines in different eolors. Use the same 
eolor for structures 7 and 8. Write the names of structures 4, 9, 10, and 12 in blaek. 

2. Color the structures on the diagram with the eorresponding eolors. Do not eolor structures 4, 

9, 10, and 12. 



1 . 

2 . 

3. 

4. 

5. 

6 . 


7. 

8 . 
9. 

10 . 

11 . 

12. 
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3. CITE THE FUNCTI0N OF CEREBROSPINAL FLUID f AND DESCRIBE WHERE 
AND H0W THIS FLUID IS FORMED. 


EXERCISE 9-4: Ventrieles of the Brain (Text Fig. 9-3A) 


1. Write the names of eaeh labeled part 
on the nmnbered lines in different 
eolors. 

2. Color the structures on the diagram 
with the eorresponding eolors. The 
boundaries between structures are 
not always well defined. For instanee, 
structure 4 is continuous with struc- 
ture 5. You ean overlap your eolors to 
signify this faet. 


1 . 

2 . 

3. 

4. 

5. 



o 




o 

0 
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EXERCISE 9-5: Flow of Cerebrospinal Flrn'd (Text Fig. 9-3 B) 

1. Write the name of eaeh labeled part on the nitmbered lines in different eolors. Use light eolors 
for structures 5 to 12. 

2. Color the structures on the diagram with the eorresponding eolors. The boundaries between 
structures 5 to 12 (inclusive) are not always well defined. For instanee, structure 6 is continu- 
ous with structure 7. You ean overlap your eolors to signify this faet. 

3. Draw arrows to indieate the direetion of CSF flow. 



12 




11 





10 













10 . 



n. 



12. 
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EXERCISE 9-6 

Write the appropriate term in eaeh blank from the list below. Not all terms will be used. 
dura mater pia mater araehnoid ehoroid plexus 

subarachnoid spaee araehnoid villi ventriele dural sinus 

eerebral aqueduct 

1. The weblike middle meningeal layer _ 

2. Venous ehannel between the two outermost meninges _ 

3. The innermost layer of the meninges, the delieate 

membrane in which there are many blood vessels _ 

4. The area in which eerebrospinal fluid eolleets before its 

return to the blood _ 

5. The vascular network in a ventriele that forms 

eerebrospinal fluid _ 

6. The projeetions in the dural sinuses through which CSF 

is returned to the blood _ 

7. The outermost layer of the meninges, which is the 

thiekest and the toughest _ 

4. NAME AND L0CATE THE LOBES OF THE CEREBRAL HEMISPHERES> 

(Also see Exercise 9-8) 

EXERCISE 9-7 

Write the appropriate term in eaeh blank from the list below. 

gyms eentral sulcus lateral sulcus insula 

corpus callosum longitudinal fissure cortex 

1. A shallow groove that separates the temporal lobe from the 

frontal and parietal lobes _ 

2. A small eerebral lobe loeated deep within eaeh hemisphere _ 

3. The deep groove separating the two eerebral hemispheres _ 

4. An elevated portion of the eerebral cortex _ 

5. The thin layer of gray matter on the surface of the eerebmm _ 

6. A band of myelinated fibers that bridges the two eerebral 

hemispheres _ 


7. A shallow groove separating the frontal and parietal lobes 
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5. CITE ONE FUNCTI0N OF THE CEREBRAL C0RTEX IN EACH LOBE OF THE CEREBRUM. 

EXERCISE 9-8: Functìonal Areas of the Cerebral Cortex (Text Fig. 9-5) 


1. Color the boxes next to the eerebral lobe names as follows: frontal lobe, pink; parietal lobe, 
bght purple; temporal lobe, bght blue; oeeipital lobe, light green. 

2. Lightly eolor the four eerebral lobes on the diagram with the appropriate eolors. 

3. Write the names of structures 1 to 12 on the appropriate lines in different eolors. For all structures 
except for 3, use a darker eolor than the one used for the eorresponding eerebral lobe. For instanee, 
a structure found in the frontal lobe could be eolored red. Use the same eolor for structures 6 to 8. 
Use a dark eolor for structure 3. Use blaek for 11, because it involves multiple eerebral lobes. 

4. Color or outline the structures on the diagram with the eorresponding eolors. 


Frontal lobe O Parietal lobe □ Temporal lobe 


Oeeipital lobe 



1 . 

2 . 

3. 

4. 

5. 

6 . 


7. 

8 . 

9. 

10 . 

11 . 

12. 
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EXERCISE 9-9 

Write the appropriate term in eaeh blank from the list below. If you like, use different eolored pens 
to write eaeh term, following this eolor seheme (note that one structure will need three eolors!): 
Frontal lobe regions, orange; temporal lobe regions, blue; parietal lobe regions, purple; oeeipital 
lobe regions, green. 

premotor cortex prefrontal cortex Broea area 

primary motor area primary somatosensory area somatosensory assoeiation area 

posterior assoeiation area Wernicke area visual reeeiving area 

visual assoeiation area 

1. The portion of the eerebral cortex that assembles mental 

Cí pictures” of visual stimuli _ 

2. The first brain region to reeeive input from the retina 

(organ of sight) _ 

3. Also known as the speeeh eomprehension area _ 

4. Also known as the motor speeeh area _ 

5. Sends eommands to speeifie muscles _ 

6. Responsible for conscious thought and problem solving _ 

7. Plans complex movements _ 

8. The first area of the cortex to reeeive input from skin 

reeeptors regarding pressure, pain, touch _ 

9. Integrates information from the primary somatosensory 

area with memories to identify physieal sensations _ 

10. Uses input from many brain areas to eonstmet an integrated 

view of the world _ 
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6. NAME TWO PIVISIONS OF THE DIENCEPHALON, AND CITE THE FUNCTIONS OF EACH. 

See Exercises 9-11 and 9-12. 

7. L0CATE THE THREE SUBDIVISIONS OF THE BRAIN STEM, AND GIVE THE FUNCTIONS 
OFEACH. 

See Exercises 9-11 and 9-12. 

8. DESCRIBE THE CEREBELLUM, AND IDENTIFY ITS FUNCTIONS. 

Also see Exercise 9-11. 

EXERCISE 9-10 

List three functions of the cerebellum in the spaees below. 

1 _ 

2 _ 

3 _ 
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9. NAME THREE NELIRONAL NETVVORKS THAT INVOLVE MIILTIPLE REGIONS OF 
THE BRAIN, AND DESCRIBE THE FUNCTION OF EACH. 


EXERCISE 9-11: DIENCEPHALON, BRAIN STEM, AND NEURAL NETWORKS 
(TEXT FIGS. 9-6 AND 9-8) 


1. Use blaek to write the names of structures 1, 3, 5, and 10 in the appropriate blanks. 

2. Write the names of the remaining structures on the appropriate lines in different eolors. Use 
shades of red for structures of the limbie system, shades of blue for the parts of the brain stem, 
shades of gray for the parts of the cerebellum, and shades of green for the parts of the dien- 
eephalon. Some structures may need multiple eolors. 

3. Color or outline the structures on both diagrams with the eorresponding eolors. 


1 . 

2 . 

3. 

4 . 

5. 

6 . 

7. 

8 . 

9. 

10 . 

11 . 



A 


10 




12 . 

13. 

14. 

15. 
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EXERCISE 9-12 

Write the appropriate term in eaeh blank from the list below. Not all terms will be used. 
thalamus pons midbrain hypothalamus 

reticular formation vasomotor eenter limbie system medulla oblongata 

basal nuclei eardiae eenter 

1. The portion of the brain stem eomposed of myelinated nerve 

fibers that eonneets to the eerebelhmi _ 

2. The superior portion of the brain stem _ 

3. The part of the brain between the pons and the spinal eord _ 

4. The region of the dieneephalon that aets as a relay eenter 

for sensory stimuli _ 

5. A diffuse neuronal network involved in emotional states 

and behavior _ 

6. Nuclei that regulate the eontraetion of smooth muscle 

in blood vessel walls _ 

7. The portion of the brain eontrolling the autonomic nervous 

system _ 

8. intereonneeted eolleetions of neuronal eell bodies that 

modulate motor outputs and faeilitate routine motor tasks _ 

9. A network of brain stem neurons involved in wakefulness 

and sereening out routine sensory input _ 


10, DESCRIBE F0UR TECHNIQUES USED T0 STLIDY THE BRAIN, 
EXERCISE 9-13 

Write the appropriate term in eaeh blank from the list below. 

MRI CT PET EEG 

1. Technique that produces a picture of brain aetivity levels 
in the different parts of the brain 

2. Technique that measures eleetrie currents in the brain 

3. X-ray technique that provides photos of bone, eavities, 
and lesions 


4. Technique used to visualize soft tissue, such as sear tissue, 
hemorrhages, and tumors that does not use x-rays 
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11. LIST THE NAMES AND FUNCTIONS OF THE 12 CRANIAL NERVES. 


EXERCISE 9-14: Cranìal Nerves (Text Fig. 9-11) 

1. Write the number and name of eaeh labeled eranial nerve on the mmrbered lines in different 
eolors. Use the same eolor for structures 1 and 2. 

2. Color the nerves on the diagram with the eorresponding eolors. 



13 




1. 

2 . 


8 . 

9. 


3. 

4. 


10 . 

11 . 



12 . 


6 _13. 

7 _ 
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EXERCISE 9-15 

Write the appropriate term in eaeh blank from the list below. Not all terms will be used. 

optie nerve glossopharyngeal nerve troehlear nerve abducens nerve 

vagus nerve vestibulocochlear nerve faeial nerve trigeminal nerve 

aeeessory nerve oculomotor nerve 

1. A motor nerve eontrolling the trapezius, sternoeleidomastoid, 

and larynx muscles _ 

2. The nerve that eontrols eontraetion of a single eye muscle _ 

3. Damage to this nerve impairs vision _ 

4. This nerve earries sensory information from the faee and 

motor impulses to the jaw _ 

5. The nerve that supplies most of the organs in the thoraeie 

and the abdominal eavities _ 

6. Damage to this nerve prevents faeial expressions such as 

frowning or smiling _ 

7. The nerve that earries sensory impulses for hearing and 

equilibrium _ 

8. Damage to this nerve interferes with the aetivity of several 

eye muscles _ 

9. Damage to this nerve would interfere with swallowing _ 

12. USING INFORMATION IN THE CASE STUDY f LIST THE POSSIBLE EFFECTS OF MILD 

TRAUMATIC BRAIN INJURY. 

EXERCISE 9-16 

Rewrite eaeh sentenee to make it true by replaeing the underlined term. 

1. Mild traumatic brain injury is also known as eerebral palsv . 


2. Natalie’s sluggish eye movements could results from damage to eranial nerve T IX. or X . 


3. A few weeks after her concussion, Natalie was still forgetting where she left her tea and was 
very irritable. She is suffering from meningitis . 


4. During the week following her concussion, Natalie should stay in bed and watch television . 


5. Natalie’s blurred vision could indieate damage to her oculomotor nerve. 
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13. SH0W H0W W0RD PARTS ARE USED TO BUILD WORDS RELATED 

TO THE NERVOLIS SYSTEM. 

EXERCISE 9-17 


Complete the following table by writing the eorreet word part or meaning in the spaee provided. 
Write a word that eontains eaeh word part in the “Example” column. 


Word Part 

1 _ 

2. ehori/o 

3_ 

4. eneephal/o 

5. eerebr/o 

6 . _ 

7_ 

8. gyr/o 


Meaning Example 

cut _ 


tongue 


opposed, against 
lateral, side 
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Making the Connections 

The following eoneept map deals with brain anatomy. Complete the eoneept map by hlling in the 
appropriate term or phrase that deseribes the indieated structure. 


Lobe 
anterior 
to the 
eentral 
sulcus 








Lobe 
eontaining 
the auditory 

areas 



Region eoordinating 
movements 

Brain 


Region eontaining 
the thalamus and 
hypothalamus 



Lobe 
posterior 
to the 
eentral 
sulcus 


Connected to 
the spinal eord 
via the 




Regions from 
superior to inferior 



Lobe eontaining 
the visual areas 




t 






Area eontrolling 
voluntary muscles 


Area reeeiving 
touch impulses 







Optional Exercise: Make your own eoneept map based on structures involved in the synthesis and 
movement of CSE Use the following terms and any others you would like to include: ventriele, eho- 
roid plexus, lateral ventrieles, third ventriele, fourth ventriele, foramina, eerebral aqueduct, spinal 
eord, hydrocephalus, CSF, dural sinuses, subarachnoid spaee, and araehnoid villi. 
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Testing Your Knowledge 

BLIILDING IINDERSTANDING 
I. MULTIPLE CH0ICE 

Seleet the best answer. 

1. What is the name of the shallow groove separating the frontal 

and parietal lobes? 1. 

a. lateral sulcus 

b. eentral sulcus 

e. longitudinal fissure 

d. basal nuclei 

2. Which of these phrases deseribes the dura mater? 2. 

a. the innermost layer of the meninges 

b. the outermost layer of the meninges 

e. the network of vessels that produces eerebrospinal fluid 

d. the part of the brain that eonneets with the spinal eord 

3. Which brain region reeeives visual impulses? 3. 

a. parietal lobe 

b. temporal lobe 

e. hippocampus 

d. oeeipital lobe 

4. Which of these structures forms eerebrospinal fluid? 4. 

a. eerebral aqueduct 

b. eentral sulcus 

e. ehoroid plexus 

d. internal capsule 

5. Which of these regions does the abducens nerve innervate? 5. 

a. eye 

b. ear and pharynx 

e. faee and salivary gland 

d. tongue and pharynx 

6. Which brain areas eontaet the lateral sulcus? 6. 

a. oeeipital and frontal lobes of the cerebrum 

b. frontal, parietal, and temporal lobes of the cerebrum 

e. eerebelhtm and brainstem 

d. frontal, parietal, and oeeipital lobes of the eerebram 

7. What is the reticular formation? 7. 

a. a region of the limbie system that eontrols wakefulness and sleep 

b. a deep groove that divides the eerebral hemispheres 

e. the part of the temporal lobe eoneerned with the sense of smell 

d. the fifth lobe of the eerebram 

8. Which of these functional brain regions is found in the frontal lobe? 8. 

a. premotor area 

b. posterior assoeiation area 

e. speeeh eomprehension area 
d. visual reeeiving area 
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II. COMPLETION EXERCISE 

Write the word or the phrase that eorreetly eompletes eaeh sentenee. 

1. The four ehambers within the brain where eerebrospinal fluid is produced are the 

. . . • 

2. Sounds are interpreted in the area of the temporal lobe ealled the_ 

3. The region of the dieneephalon that helps maintain homeostasis (e.g., water balanee, 
appetite, and body temperature) and eontrols the autonomic nervous system is the 

. . . • 

4. The hypothalamie nucleus eontrolling the muscle in blood vessel walls is ealled the 

■ . .. . 

5. Reeords of the eleetrieal aetivity of the brain ean be made with an instrument ealled a(n) 

... . 

6. The brain region involved in conscious thought and problem solving is the 

■... • 

7. Except for the first two pairs, all the eranial nerves arise from the_ 

8. The three layers of membranes that surround the brain and spinal eord are ealled the 

■. • 

9. The elear liquid that helps support and proteet the brain and spinal eord is 

. • 

10. The number of pairs of eranial nerves is_ 

11. The widespread eolleetion of brain tissue involved in emotion and memories is ealled the 

■... • 

12. The middle portion of the eerebelhmi is ealled the_ 

13. A eerebral concussion is also known as a(n)_ 


176 Unit 3 Coordination and Control 


LINDERSTANDING C0NCEPTS 
I. TRIJE/FALSE 

For eaeh statement, write T for true or F for false in the blank to the left of eaeh mrnrber. If a state- 
ment is false, eorreet it by replaeing the underlined term, and write the eorreet statement in the 
blanks below the statement. 

_1. The pia mater is the middle layer of the meninges. 


2. The interventricular foramina form ehannels between the lateral ventrieles and the fourth 
ventriele. 


3. The primary motor cortex is found in the parietal lobe . 


4. The amygdala is part of a diffuse brain network known as the basal nuclei . 


5. The reticular aetivating system governs alertness and sleep. 


6. The raised areas on the surface of the eerebram are ealled gyri . 


7. The hypoglossal nerve transmits sensory information from the tongue. 


8. The anterior assoeiation area is responsible for integrating all sensory information with 
memories to produce an integrated view of the world. 
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II. PRACTICAL APPLICATIONS 

Study eaeh discussion. Then write the appropriate word or phrase in the spaee provided. 

1. Mr. B, aged 87, drove his ear into a diteh. When the paramedies arrived, he was unable to speak. 
The paramedies suspected damage to the eerebral lobe eontaining the motor speeeh area. This 

lobe is the_ 

2. Mr. B also experienced paralysis on his right side, indieating a problem in the 
_hemisphere of his brain. 

3. The damaged brain region eontrolling skeletal muscles is ealled the_ 

4. The right side of Mr. B’s faee droops, and he eannot eontrol his faeial expressions. The faeial 

muscles are eontrolled by the eranial nerve numbered_ 

5. A ruptured blood vessel was observed using a CT sean. CT is an abbreviation for 

■. . . • 

6. A seeond brain sean was performed to elearly loealize the hemorrhage. This technique does not 

use radioaetivity and is known as_ 

7. Mr. B’s speeeh disorder indieates that the bleed affeeted his motor speeeh area, also ealled 

■... • 

III. SHORT ESSAYS 

1. Deseribe the structures that proteet the brain and spinal eord. 



2. List some hmetions of the structures in the dieneephalon. 
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3. List the name, number, and sensory information eonveyed for eaeh of the purely sensory eranial 


nerves. 


CONCEPTUAL THINKING 


1. Deseribe the journey of CSF, beginning with its synthesis and ending with its entry into the 
circulatory system. 


2. The One Step at a Time box in ehapter 9 discusses the differenee between eorrelation and cau- 
sation. For elaims a-e listed below, use the box strategies to answer the questions i and ii: 

i. Does the statement most likely indieate causation, or simply eorrelation? Defend your answer. 

ii. If it only indieates eorrelation, ean you think of a eommon underlying cause? Briefly deseribe 
an experiment to test if one faetor does cause the other. 

a. Sleeping with your shoes on is assoeiated with an inereased ineidenee of headaehes. So, 
sleeping with your shoes on causes headaehes. 


b. Eating breakfast is eorrelated with aeademie success in elementary students. Therefore, eat- 
ing breakfast helps students learn. 


e. Rodents exposed to tobaeeo smoke developed more lung eaneer than rodents who were 
exposed to plaeebo smoke. So, tobaeeo causes lung eaneer. 
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Expanding Your Horízons 

What do you use to help you study? Gingko biloba? Other medieations? As discussed in the hrst 
Seientifie Ameriean artiele listed below, gingko biloba does boost memory—to the same extent as a 
eandy bar! There’s a free (and enjoyable) alternative to eandy bars and dietary supplements—napping. 
See the seeond website for more information, or do a website seareh for “naps memory.” 


■ Gold PE, Cahill L, Wenk GL. The lowdown on ginkgo biloba. Sei Am 2003;288:86-91. 

■ LJniversity of Cabfornia-Berkeley. Midday nap markedly boosts the brain’s learning eapaeity. SeieneeDaily. 2010. Available 
at: www.sciencedaily.com/releases/2010/02/100221 1 10338.htm 



Overvievv 


The sensory system enables us to deteet 
ehanges taking plaee both internally and 
externally. These ehanges are deteeted 
by speeialized structures ealled sensory 
reeeptors. Any ehange that aets on a 
reeeptor to induce a nerve impulse is 
termed a stimulus. The speeial senses, 
so ealled because the reeeptors are lim- 
ited to a few speeialized sense organs in 
the head, include the senses of vision, 
hearing, equilibrium, taste, and smell. 
The reeeptors of the eye are the rods and 
eones loeated in the retina. The reeep- 
tors for both hearing (the spiral organ) 
and equilibrium (the vestibule and 
semicircular eanals) are loeated within 
the inner ear. Reeeptors for the ehemieal 
senses of taste and smell are loeated on 
the tongue and in the upper part of the 
nose, respeetively. 

The general senses are seattered 
throughout the body; they respond 
to touch, pressure, temperature, pain, 
and position. Reeeptors for the sense of 
position, known as proprioeeptors, are 
found in muscles, tendons, and joints. 

The nerve impulses generated by a 
reeeptor in response to a stimulus must 
be earried to the eentral nervous sys- 
tem by way of a sensory (afferent) neu- 
ron. Here, the information is proeessed 
and a suitable response is made. 

This ehapter is quite ehallenging, 
because it eontains both difhcult eon- 
eepts and large amounts of detail. You 
ean use eoneept maps to assemble all 
of the details into easy-to-remember 
frameworks. 
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Addressing the Learning Objeetives 

1. DESCRIBE THE FUNCTIONS OF THE SENSORY SYSTEM. 

EXERCISE 10-1 

Use the terms below to eomplete the paragraph. 

eentral nervous system homeostasis sensory neuron sensory reeeptor 

The sensory system proteets people by deteeting ehanges in the internal and external environments 

that threaten to disrapt (1) _, which is the maintenanee of a eonstant 

internal environment. The ehange is deteeted by a (2)_which sends an 

impulse through a (3)_to the (4)_ 

2. DIFFERENTIATE BETWEEN THE DIFFERENT TYPES 0F SENSORY RECEPTORS, 

AND GIVE EXAMPLES OF EACH. 

EXERCISE 10-2 

Classify eaeh of the following senses as general senses (G) or speeial senses (S). 

1. Sense of position _ 

2. Smell _ 

3. Vision _ 

4. Touch _ 

5. Temperature _ 

6. Equilibrium _ 


3. DESCRIBE SENSORY ADAPTATION, AND EXPLAIN ITS VALUE, 
EXERCISE 10-3 

Dehne sensory adaptation in the spaee below 
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4. LIST AND DESCRIBE THE STRUCTURES THAT PR0TECT THE EYE. 


EXERCISE 10-4: Proteetive Structures (Text Figs. 10-1 and 10-2) 

Label the indieated parts. The three empty btdlets in the lower figure label structures you identified 
in the upper diagram; identify these structures by writing the eorreet number in eaeh bullet. 
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5. CITE THE L0CATI0N AND THE PURPO$E OF THE EXTRINSIC EYE MU$CLES. 
EXERCISE 10-5: Extrinsic Muscles of the Eye (Text Fig. 10-3) 


1. Write the name of eaeh labeled muscle on the num- 
bered lines in different eolors. 

2. Color the different muscles on the diagram with the 


eorresponding eolors. 


1 . 


2 . 


3. 


4. 


5. 



6. IDENTIFY THE THREE TUNICS OF THE EYE. 


EXERCISE 10-6: The Eye (Text Fig. 10-4) 


1. Color the small boxes yellow 
(nervous tunic), red (vascu- 
lar tunic), and blue (fibrous 
tunic). 

2. Write the name of eaeh 
labeled part on the numbered 
lines in different eolors. Use 
the following eolor seheme: 

Yellow: 6, 7, 8, and 9 
Red: 5, 10, 11, 13 
Blue: 3, 4 

Choose your own eolors for the 
other structures. 

3. Color the different structures 
on the diagram with the eorre- 
sponding eolors. Some struc- 
tures are present in more than 
one loeation on the diagram. 
Try to eolor all of a particular 
structure in the appropriate 
eolor. For instanee, only one 
of the suspensory ligaments 
is labeled, but eolor both sus- 
pensory ligaments. 


I I Nervous tunic O Vascular tunic O Fibrous tunic 




15 
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2 . 

3. 


10 . 

11 . 


4. 

5. 

6 . 


12 . 

13. 

14. 


7 _15. 

8 _ 


7. DESCRIBE THE PR0CESSES INVOLVEP IN VISION. 
EXERCISE 10-7 


List four eye structures that bend (refraet) light in the spaees below. 

1 _ 

2 _ 

3 _ 

4 _ 


EXERCISE 10-8 

Complete the ehart below, which summarizes the proeess of aeeommodation. A few boxes have 
been eompleted to get you started. 



Distant Vision 

Near Vision 

Contraction state of eiliary muscle 


Contracted 

Shape of eiliary muscle 

Thin 


Size of the eentral opening (eiliary muscle) 



Tension in suspensory ligaments 

Strong 


Lens shape 



Degree of refraetion 




EXERCISE 10-9 

Complete the ehart below, which summarizes how the iris muscles modify pupil size. A few boxes 
have been eompleted to get you started. 



Bright light 

Dim light 

Pupil size 

Constricted (narrow) 


Contraction state of radial muscle hbers 



Contraction state of circular muscle hbers 

Contracted 
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8. DIFFERENTIATE BETWEEN THE RODS AND THE C0NES OF THE EYE> 

EXERCISE 10-10 

Write the appropriate term in eaeh blank from the list below. Not all terms will be used. 
ehoroid eone eornea rhodopsin selera 

optie disk retina rod fovea eentralis 

1. A vision reeeptor that is sensitive to eolor _ 

2. The part of the eye that light rays pass through first as they 

enter the eye _ 

3. Another name for the blind spot, the region where the optie 

nerve eonneets with the eye _ 

4. The innermost eoat of the eyeball, the nervous tissue layer 

that includes the reeeptors for the sense of vision _ 

5. A vision reeeptor that functions well in dim light _ 

6. A pigment needed for vision _ 

7. The depressed area in the retina that is the point of elearest vision _ 

8. The vascular, pigmented middle tunic of the eyeball _ 

EXERCISE 10-11 

Write the appropriate term in eaeh blank from the list below. Not all terms will be used. 
optie nerve ophthalmie nerve oculomotor nerve aqueous humor 

vitreous body lens eiliary muscle conjunctiva 

pupil iris 

1. The structure that alters the shape of the lens for 

aeeommodation _ 

2. The watery fluid that fills much of the eyeball in front of 

the erystalline lens _ 

3. Structure with two sets of muscle fibers that regulate the 

amount of light entering the eye _ 

4. The jelly-like material loeated behind the erystalline lens that 

maintains the spherieal shape of the eyeball _ 

5. The eentral opening of the iris _ 

6. The nerve supplying most of the extrinsic eye muscles _ 

7. The nerve that earries visual impulses from the photoreeeptors 

to the brain _ 

8. The nerve that earries somatosensory impulses from the eyeball _ 
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9. DESCRIBE THE THREE PIVISIONS OF THE EAR. 

EXERCISE 10-12: The Ear (Text Fig. 10-9) 

1. Write the names of the three ear divisions on the appropriate lines (1 to 3). 

2. Write the names of the labeled parts on the nmnbered lines in different eolors. Use blaek for 
structures 12 to 14 because they will not be eolored. 

3. Color eaeh part with the eorresponding eolors (except for parts 12 to 14). 



10 




11 


12 


13 


14 





1. 

2 . 

3. 

4. 

5. 

6 . 

7. 


8 . 

9. 

10 . 

11 . 

12 . 

13. 

14. 
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EXERCISE 10-13: The Inner Ear (Text Fig. 10-10) 

1. Label the bony labyrinth and the membranous labyrinth in the upper diagram using yellow and 
green (respeetively). Color the upper diagram using these two eolors. 

2. Label the structures in the upper diagram by writing the eorreet term in eaeh blank. 

3. Look at the lower diagram. The three empty bullets label structures you identified in the upper 
diagram—identify these structures by writing the eorreet numbers in the bullets, and eolor them 
yellow if they eontain perilymph and green if they eontain endolymph. 

4. Label structures 13 to 16. 

1 _ 



B Cross-section of the eoehlea 
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EXERCISE 10-14 

Write the appropriate term in eaeh blank from the list below. Not all terms will be used. 
spiral organ bony labyrinth malleus 

auditory eoehlear duct endolymph 

perilymph incus pinna 

1. The fluid eontained within the membranous labyrinth of the 

inner ear _ 

2. The bone in eontaet with the tympanie membrane _ 

3. Another name for the projeeting part, or auricle, of the ear _ 

4. The ehannel eonneeting the middle ear eavity with the pharynx _ 

5. The fluid of the inner ear eontained within the bony labyrinth 

and surrounding the membranous labyrinth _ 

6. The structure eontaining the reeeptor eells for hearing _ 

7. The skeleton of the inner ear _ 

8. The duct in the eoehlea that eontains endolymph _ 

10, DESCRIBE THE RECEPT0R FOR HEARING, AND EXPLAIN H0W IT FUNCTI0NS. 
EXERCISE 10-15 

Plaee the following events involved in hearing in order by writing the appropriate numbers 
(1 through 9) in the blanks. Note that step 5 occurs at the same time as steps 6-9. 

_a. The wave passes through the eoehlear membranes. The differenees in their relative posi- 

tions flex the hair eell tips embedded in the teetorial membrane. 

_b. Vibrations of the stapes result in vibrations of the oval window, ereating a wave in the peri- 

lymph of the vestibular duct. 

_e. The amount of neurotransmitter released by the hair eell ehanges, altering the firing rate 

of the sensory neuron. 

_d. A wave begins in the membranes of the eoehlear duct. 

_e. The tympanie membrane and ossieles vibrate at the same frequency as the original sound wave. 

_f. The sound wave travels through the ear eanal. 

_g. The bending of the eilia ehanges their membrane potential. 

_h. Aetion potentials travel through the vestibulocochlear nerve to the brain. 

_i. The eoehlear movements initiate a fluid wave in the tympanie duct, which is dissipated 

when it hits the round window. The movement of the round window allows elear hearing 
by preventing the wave from bouncing baek and ereating an eeho. 
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11, C0MPARE THE L0CATI0NS AND FUNCTIONS OF THE EQUILIBRIUM RECEPTORS> 
EXERCISE 10-16 

Fill in the blank after eaeh eharaeteristie—does it apply to to the vestibrde (V), the semieireidar 
eanals (S), or both (B)? 

1. Contain maerdae _ 

2. Aetivated by rotational aeeeleration _ 

3. Hair eell tips embedded in gelatinous membrane floating 

in endolymph _ 

4. Send signals through the vestibular nerve _ 

5. Aetivated by linear aeeeleration _ 

6. There are three of them _ 

7. Hair eell tips embedded in gelatinous membrane studded 

with tiny erystals _ 

8. Reeeptors are ealled eristae _ 

9. Sense gravity _ 

12. DISOJSS THE L0CATI0NS AND FUNCTI0NS 0F THE SENSE ORGANS FOR TASTE AND 

SMELL. 

EXERCISE 10-17 

Replaee the underlined terms in eaeh of the following statements to make eaeh statement true. 

1. The sense of smell is gustation . and the sense of taste is olfaetion . 

- } - 

2. Substances to be smelled and tasted must always be free in the air surrounding the reeeptor eell. 

3. We have hundreds of different types of taste reeeptors but less than 10 types of odor reeeptors . 

- } - 

4. Organie compounds aetivate sour reeeptors . and hydrogen ions aetivate salty reeeptors . 
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13. DESCRIBE FIVE GENERAL SENSES. 


EXERCISE 10-18 

Complete the following table, summarizing the hve general senses and their reeeptors. 


Sense 

Reeeptor 

Reeeptor loeation 


Taetile corpuscle 


Pressure 



Temperature 




Proprioeeptors 


Pain 




14. REFERRING TO THE CASE STUDY, DISCUSS THE PURPOSE AND MECHANISM OF A 

COCHLEAR IMPLANT. 

EXERCISE 10-19 

Imagine that you were Evan’s parent. How would you explain Evan’s eoehlear implant to other 
parents? 
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15. SH0W H0W W0RD PARTS ARE USED TO BUILD W0RDS RELATED TO THE SENSORY 

SYSTEM. 

EXERCISE 10-20 

Complete the following table by writing the eorreet word part or meaning in the spaee provided. 
Write a word that eontains eaeh word part in the “Example” column. 

Word Part Meaning Example 

1. ocul/o _ _ 

2. _ stone _ 

3. opt/o _ _ 

4. opthalm/o _ _ 

5. _ drum _ 

6. _ yellow _ 

7. propri/o _ _ 

8. _ movement _ 

9. -esthesia 
10 . 


ear 
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Making the Connections 

The following eoneept map deals with the structure and function of the eye. Eaeh pair of terms is 
linked together by a eonneeting phrase into a sentenee. The sentenee should be read in the direetion 
of the arrow. Complete the eoneept map by hlling in the appropriate term or phrase. There is one right 
answer for eaeh term. However, there are many eorreet answers for the eonneeting phrases (2, 9). 


Light 


Sc\era 



ls proteeted 
by a thin 
membrane 
ealled the 

r 

Y 



© 



First passes 
through the 


o 


Is anterior 
to a watery 
fluid ealled 

V , 


Is anterior 
to the 
biconvex 

r 

mmm 

* 

Is anterior 
to the 
jellylike 

r 

Y 

. i 

Is anterior 
to the 

mmm 


Causes light to bend, 
a proeess ealled 


Partieipates in 


Partieipates in 



Partieipates in 


Contains eolor- 
deteeting reeeptors 
ealled 



© 


Are eoneentrated 
in the 


© 


t 


Is eontained 
within a 
yellow spot 
ealled the 



© 


Optional Exercise: Make your own eoneept map of terms relating to the ear. Use the following terms 
and any others you would like to include: tympanie membrane, stapes, malleus, incus, pinna, bony 
labyrinth, spiral organ, oval window, round window, eoehlear duct, teetorial membrane, and eoehlear 
nerve. You may also want to construct eoneept maps relating to the other speeial senses (equilibrium, 
taste, and smell) and the general senses (touch, pressure, temperature, and proprioeeption). 
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Testing Your Knowledge 

BLIILDING IJNDERSTANDING 
I. MULTIPLE CH0ICE 

Seleet the best answer. 

1. Which of the following reeeptor types responds to light? 1. 

a. photoreeeptor 

b. meehanoreeeptor 
e. ehemoreeeptor 

d. thermoreeeptor 

2. Which of the following terms relates to the sense of touch? 2. 

a. taetile 

b. gustatory 

e. proprioeeptive 

d. thermal 

3. What proeess alters the lens’s shape to allow for near or far vision? 3. 

a. aeeommodation 

b. eonvergenee 

e. divergenee 

d. dark adaptation 

4. Which seeretion is involved in the proeess of laerimation ? 4. 

a. mucus 

b. wax 

e. tears 

d. aqueous humor 

5. Which of these bones is in eontaet with the tympanie membrane? 5. 

a. incus 

b. malleus 

e. stapes 

d. parietal 

6. Which of these structures is the transparent part of the hbrous tunic? 6. 

a. selera 

b. eornea 

e. conjunctiva 

d. ehoroid 

7. Which of the following partieipates in hearing? 7. 

a. spiral organ 

b. macula 

e. olfaetory bulb 

d. retina 

8. Which of these structures deteets temperature? 8. 

a. proprioeeptor 

b. olfaetory reeeptor 

e. meehanoreeeptor 
d. free nerve ending 
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9. Which of the following is a eomponent of the eye’s vascular tunic? 9._ 

a. retina 

b. eornea 
e. ehoroid 

d. lens 

10. Which of the following structures is involved in sensing gravity? 10._ 

a. cupula 

b. vestibular duct 

e. otoliths 
d. erista 

11. C0MPLETI0N EXERCISE 

1. The transparent portion of the selera is the_ 

2. The glands that seerete earwax are ealled_ 

3. The reeeptors that aid in judging position and ehanges in loeation of body parts are the 


4. The sense of position is partially governed by equilibrium reeeptors in the internal ear, includ- 

ing two small ehambers in the vestibule and the three_ 

5. The eiliated eells that hmetion in hearing and equilibrium are ealled_ 

6. The reeeptors for iteh are the_ 

7. When you enter a darkened room, it takes a while for the rods to begin to function. This inter- 

val is known as the period of_ 

8. The nervous tunic of the eye is the_ 

9. The muscles that adjust the shape of the lens are ealled_ 

LINDERSTANDING C0NCEPTS 
I. TRLIE/FALSE 

For eaeh statement, write T for true or F for false in the blank to the left of eaeh number. If a state- 
ment is false, eorreet it by replaeing the underlined term, and write the eorreet statement in the 
blanks below the statement. 

_1. Extrinsic eye muscles eontrol the diameter of the pupil. 


2. A erista eontains reeeptor (hair) eells and a gelatinous otolith membrane . 


3. The incus is in eontaet with the oval window of the inner ear. 
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4. The eoehlear duct eontains endolvmph . 


5. The rods of the eye function in bright light and deteet eolor. 


6. When the eyes are exposed to a bright light, the pupils eonstriet. 


7. The ophthalmie nerve earries visual impulses from the retina to the brain. 


8. The eiliary muscle eontraets to thieken the lens. 


9. The sense of smell is also ealled olfaetion. 


II. PRACTICAL APPLICATI0NS 

Study eaeh discussion. Then write the appropriate word or phrase in the spaee provided. 

> Group A 

Baby L was brought in by his mother because he awakened erying and holding the right side of his 
head. He had been suffering from a eold, but now he seemed to be in pain. Complete the following 
deseriptions relating to his evaluation and treatment. 

1. Examination revealed a bulging red eardrum. The eardmm is also ealled the 


2. The cause of Baby L’s painful bulging eardmm was an infeetion of the middle ear. The middle 

ear eontains three small bones, eolleetively known as the_ 

3. Antibiotie treatment of Baby L’s middle ear infeetion was begun because this early treatment 

usually prevents eomplieations. The middle ear is prone to infeetions, because it is eonneeted 
to the pharynx by the_ 

4. Baby L returned to the emergeney room the next day because he was falling down repeatedly. 

The physieian suspected a problem with his sense of balanee, or_ 

5. Baby L’s mother asked how an ear infeetion could affeet balanee. The physieian explained that 

two structures were loeated within the inner ear that are involved with balanee, named the 
semicircular eanals and the_ 

6. In particular, the physieian feared that the middle ear infeetion had spread to the fluid within 

the membranous labyrinth. This fluid is ealled_ 
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> Group B 

Mr. S, age 60, rode his seooter over some broken glass. A fragment of glass bounced up and flew 
into one eye. Complete the following deseriptions relating to his evaluation and treatment. 

1. Examination by the eye speeialist showed that there was a cut in the transparent window of the 

eye, the_ 

2. On further examination of Mr. S, the eolored part of the eye was seen to protmde from the 

wound. This part of the eye is the_ 

3. Mr. S’s treatment included antisepties, anestheties, and suturing of the wound. Medieation was 

instilled in the saelike structure at the anterior of the eyeball. This sae is lined with a thin epi- 
thelial membrane, the_ 

> Group C 

You are conducting hearing tests at a senior eitizens’ home. During the course of the afternoon, you 
encounter the following patients. Complete the following deseriptions relating to the evaluation 
and treatment of hearing loss. 

1. Mrs. B eomplained of some hearing loss and a sense of fullness in her outer ear. Examination 
revealed that her ear eanal was plugged with hardened ear wax, which is seientifieally ealled 


2. Mr. J, age 72, eomplained of gradually worsening hearing loss, although he had no symptoms of 

pain or other ear problems. Examination revealed that his hearing loss was due to nerve damage. 
The eranial nerve that earries hearing impulses to the brain is ealled the_ 

3. In particular, the endings of this nerve were damaged. These nerve endings are loeated in the spi- 

ral-shaped part of the inner ear, a part of the ear that is known as the_ 

III. SHORT ESSAYS 

L Deseribe several different structural forms of sensory reeeptors, and give examples of eaeh. 


2. Hair eells function as reeeptor eells in three different sensory organs. Compare and eontrast 
these three sensory organs by eompleting the following table. Some boxes have been filled in 
for you. 


Sensory Organ Name 

Membrane Overlying 

Hair Cell 

Stimulus Sensed by the 
Sensory Organ 



Gravity and linear aeeeleration 


Teetorial membrane 


Crista 
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C0NCEPTUAL THINKING 


1. You have probably been sitting in a ehair for quite a while, yet you have not been eonstantly 
aware of your legs eontaeting the ehair. Why not? 


2. Write your name at the bottom of this sheet of paper. Explain the contributions of different 
sensory reeeptors that were required to successfully eomplete that simple task. For instanee, 
proprioeeptors are required to indieate where the fingers are at eaeh moment of time. 


3. Blindness has many causes. For instanee, eataraets occur when the lens loses its transpareney. 
Blindness ean also result from a genetie defeet (RPE65 defieieney) that causes the rods and 
eones to die. A new gene therapy causes the eonneeting neurons in the retina to eonvert into 
light-sensing eells. Which of these forms of blindness could be treated by this therapy? Follow 
the procedure in the Chapter 10 One Step at a Time box to answer this question, and list the 
steps of the visual pathway in your answer. 


Expand ng Your Horízons 

1. Imagine if you could taste a triangle or hear blue. This is reality for individuals with a disorder 
ealled synesthesia. Read about some exceptional artists that suffer from this disorder, and how 
synesthesia has helped us understand how the brain proeesses sensory information in the 
artiele below. You ean get a taste of how synestheties view the world in the exercises at the 
website listed below. 

■ Ramaehandran VS, Hubbard EM. Hearing eolors, tasting shapes. Sei Am 2003;288:52-59. 

■ Synesthesia and the Synesthetie Experience. Available at: http://web.mit.edu/synesthesia/www/ 

2. Here is an exercise you ean do to find your own blind spot. Draw a eross (on the left) and a eirele 
(on the right) on a pieee of paper that are separated by a hand width. Focus on the eross, and 
notiee (but do not focus on) the eirele. Move the paper eloser and further away until the eirele 
disappears. Weird aetivities to investigate your blind spot ean be found at this website: 


■ Find Your Blind spot! Available at: http://www.moillusions.com/find-your-blind-spot-trick/ 














CHAPTER 


The Endoerine Syste m: Glands and Hormones 



0 ve rvi e w 

The endoerine system and the ner- 
vous system are the main eoordinat- 
ing and eontrolling systems of the 
body. Chapters 8 and 9 discuss how 
the nervous system uses ehemieal 
and eleetrieal stinmli to eontrol very 
rapid, short-term responses. This 
ehapter discusses the endoerine sys- 
tem, which uses speeihe ehemieals 
ealled hormones to induce short-term 
or long-term ehanges in the repro- 
duction, development, and function 
of speeihe eells. Although some hor- 
mones aet loeally, most travel in the 
blood to distant sites and exert their 
effeets on any eell (the target eell) 
that eontains a speeihe reeeptor for 
the hormone. Although hormones 
are produced by many tissues, eertain 
glands, ealled endoerine glands, spe- 
eialize in hormone production. These 
endoerine glands include the pituitary 
(hypophysis), thyroid, parathyroids, 
adrenals, panereas, gonads, and pineal. 
Together, these glands constitute the 
endoerine system. 

The aetivity of endoerine glands is 
regulated by negative feedbaek, other 
hormones, nervous stimulation, and/ 
or biologieal rhythms. One of the 
most important endoerine glands is 
the pituitary gland, which eomprises 
the anterior pituitary and the poste- 
rior pituitary. The posterior pituitary 
gland is made of nervous tissue—it 
eontains the axons and terminals of 
neurons that have their eell bodies in a 
part of the brain ealled the hypothala- 
mus. Hormones are synthesized in 
the hypothalamus and released from 
the posterior pituitary. The anterior 
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pituitary seeretes a number of hormones that aet on other endoerine glands. The eells of the 
anterior pituitary are eontrolled in part by releasing hormones made in the hypothalamus. These 
releasing hormones pass through the blood vessels of a portal circulation to reaeh the anterior 
pituitary. Hormones are also made outside the endoerine glands. Other structures that seerete 
hormones include the stomaeh, small intestine, kidney, heart, skin, and plaeenta. 

This ehapter eontains a lot of details for you to learn. Try to summarize the material using eon- 
eept maps and summary tables. You should also understand negative feedbaek (Ohapter 1) before 
you taekle the eoneepts in this ehapter. Objeetives 6 and 7 ask you to integrate information from 
different ehapter topies. So, make sure you read about all of the different hormones before you 
attempt the relevant aetivities. 


Addressing the Learning Objeetives 

1. C0MPARE THE EFFECTS OF THE NERV0US SYSTEM AND THE ENDOCRINE SYSTEM IN 
eONTROLLING THE BODY. 

EXERCISE 11-1 

Fill in the blank after eaeh eharaeteristie—does it apply to the nervous system (N) or the endoerine 
system (E)? 

1. Controls rapid responses _ 

2. Used to regulate growth _ 

3. Uses ehemieal stimuli only _ 

4. Uses both ehemieal and eleetrieal stimuli _ 


2. DESCRIBE THE FUNCTIONS OF HORMONES. 
EXERCISE 11-2 

Define the following terms: 

1. Reeeptor_ 

2. Target tissue_ 

3. Hormone_ 
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3. IDENTIFY THE GLANDS OF THE ENDOCRINE SYSTEM ON A DIAGRAM. 

EXERCISE 11-3: The Endoeríne Glands (Text Fig. 11-1) 

1. Write the names of eaeh labeled part on the mtmbered lines in different eolors. 

2. Color the different structures on the diagram with the eorresponding eolors. Make sure you 
eolor all four parathyroid glands. 


1 . 

2 . 

3. 

4 . 

5. 

6 . 

7. 

8 . 

9. 
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EXERCISE 11-4 

Write the appropriate term in eaeh blank from the list below. Not all terms will be used. 
parathyroid pineal hypothalamus 

thyroid adrenal panereas 

1. One of the tiny glands loeated behind the thyroid gland _ 

2. The largest of the endoerine glands, loeated in the neek _ 

3. The gland in the brain that is regulated by light _ 

4. An organ that eontains islets _ 

5. The endoerine gland eomposed of a cortex and medulla, 

eaeh with speeifie functions _ 


4, DlSdJSS THE CHEMICAL C0MP0SITI0N OF HORMONES. 

EXERCISE 11-5 

Fill in the blank after eaeh statement—does it apply to amino aeid compounds (A) or lipid-derived 
hormones (L)? 

1. Protein hormones _ 

2. Can be formed by modifying eholesterol _ 

3. Hormones of the sex glands and the adrenal cortex _ 

4. Hormones not produced by the sex glands or the adrenal cortex _ 

5. Often eontain the word part sterone in their name _ 

5. EXPLAIN H0W HORMONES ARE REGLJLATED. 

EXERCISE 11-6 

1. Define negative feedbaek in the blank lines below. 
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2. Which of the sitaations below are examples of negative feedbaek? Circle all that apply. 

a. When the eoneentration of thyroid hormone in blood inereases, the seeretion of thyroid- 
stimulating hormone from the pituitary gland deereases. 

b. When the eoneentration of growth hormone in blood inereases, the production of growth 
hormone from the pituitary gland deereases. 

e. When the house heats up, the furnace produces less heat. 

d. When an astute investor makes money on a stoek deal, he ean make further investments to 
make even more money. 

6. LISTTHE HORMONES PR0DUCED BY EACH ENDOCRINE GLAND, 

AND DESCRIBE THE EFFECTS OF EACH ON THE BOPY. 

EXERCISE 11-7 

Fill in the missing information in the ehart on the next page. This ehart does not eover all of the 
hormones and their aetions discussed in the text. Do not hll in the eohmrn at the far right yet. This 
column will be discussed under Objeetive 10. 


Hormone 

Gland 

Effeets 

Medieal Uses 

ADH (antidiuretic 
hormone) 



N/A 


Adrenal 

cortex 

inereases blood glucose eoneentration in 
response to stress 




LJterine eontraetion, milk ejeetion 



Anterior 

pituitary 

Promotes growth of all body tissues 

N/A 

Parathyroid 

hormone 



N/A 


Panereas 

Reduces blood glucose eoneentrations by 
promoting glucose uptake into eells and glucose 
storage; promotes fat and protein synthesis 


Thyroid hormones: 
thyroxine (t4) and 
triio do thyronine 

(t3) 



N/A 


Adrenal 

cortex 

Promotes salt (and thus water) retention and 
potassium excretion 

N/A 



Stimulates glucose release from the liver, thereby 
inereasing blood glucose levels 

N/A 

Melatonin 



N/A 

Estrogens and 
progesterone 




Androgens 

(testosterone) 
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EXERCISE 11-8 

Write the appropriate term in eaeh blank from the list below. 
epinephrine antidiuretic hormone ACTH 

follicle-stimulating hormone estrogen 
aldosterone prolaetin 

1. The anterior pituitary hormone that stimulates milk synthesis 

2. The main hormone of the adrenal medulla that, among other 
aetions, raises blood pressure and inereases the heart rate 

3. The anterior pituitary hormone that stimulates the adrenal 
cortex 

4. A hormone produced by the ovaries 

5. The hormone from the adrenal cortex that regulates sodium 
and potassium reabsorption in the kidney tubules 

6. A gonadotropie hormone 

7. A hormone synthesized in the hypothalamus 

EXERCISE 11-9 

Write the appropriate term in eaeh blank from the list below. 
insulin glucagon parathyroid hormone 

testosterone eortisol 

1. A hormone that raises the blood calcium level 

2. A hormone that lowers the blood glucose level 

3. A panereatie hormone that raises the blood glucose level 

4. An adrenal hormone that raises the blood glucose level 

5. A hormone that promotes development of seeondary sex 
eharaeteristies 
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7. DESCRIBE H0W THE HYPOTHALAMIIS CONTROLS THE POSTERIOR AND 
ANTERIOR PITLIITARY. 

EXERCISE 11-10: The Pitiiitary Gland (Text Fig. 11-2) 


1. Label the parts of the hypothalamo-pituitary system (structures 1 to 5). 

2. Write the names of eaeh pituitary hormone in the appropriate blanks (6 to 13). Try to remember 
the full names as well as the abbreviations. If you would like, use the same eolor to write the 
name and eolor the target tissue. 

3. Write the name of eaeh hormone produced by the target tissue in the eorreet box (14 to 18). 


6 . 


10 


7. 


11 


8 . 


12 


9. 


13 


Thyroid 



Adrenal 



© 


Ovary 



Breast 


0 




o 



0 


o 



0 


Testes 






Uterus 


Kidney 



Breast 


Bone and 
soft tissues 


































































ehapter 11 The Endoerine System: Glands and Hormones 205 


EXERCISE 11-11 

Fill in the blank after eaeh statement—does the eharaeteristie apply to the anterior pituitary (AP) 
or the posterior pituitary (PP)? 

1. Seeretes hormones synthesized in the hypothalamus _ 

2. Consists of neural tissue _ 

3. Releases hormones under the regulation of hypothalamie 

releasing hormones _ 

8. LIST SEVEN TISSUES OTHER THAN THE ENDOCRINE GLANDS THAT PR0DUCE 
HORMONES. 


EXERCISE 11-12 

Fill in the missing information in the ehart below. 


Hormone 

Site of Synthesis 

Effeets 

Atrial natriuretic peptide 



Thymosin 




Kidney 

Stimulates erythroeyte production 


Fat 

Controls appetite 

Osteoealein 




9. EXPLAIN THE ORIGIN AND FUNCTI0N OF PROSTAGLANDINS. 

EXERCISE 11-13 

Rewrite eaeh of these statements to make them true by replaeing the underlined text. 

1. Prostaglandins aet on eells far awav from the site of synthesis. _ 

2. Prostaglandins are produced by speeifie body eells. _ 

3. A eommon prostaglandin aetion is inhibiting inflammation. _ 

4. Prostaglandins are derived from amino aeids . _ 

10. LIST EIGHT MEDKAL USES OF HORMONES. 

EXERCISE 11-14 


Fill in the column “Medieal Uses” in the table prepared for Exercise 11-7. 
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11. EXPLAIN H0W THE ENDOCRINE SYSTEM RESPONDS TO STRESS> 

EXERCISE 11-15 

Explain how the aetions of eortisol help an individual eope with a physieal stressor such as a preda- 
tor (or more realistieally, a 5-km road raee). 


12. REFERRING TO THE CASE STUDY f DISCUSS THE EFFECTS OF INSULIN DEFICIENCY 

ON BODY FUNCTI0N. 

EXERCISE 11-16 

In the list below, eirele all of the adverse effeets of insulin deheieney. You should eirele one option 
from eaeh pair of signs/symptoms. 

a. hunger or laek of appetite 

b. weight gain or weight loss 
e. lethargy or nervousness 

d. glucose in the urine or protein in the urine 

e. hypoglyeemia or hyperglyeemia 
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13. SH0W H0W W0RD PARTS ARE USED TO BUILD WORDS RELATED TO THE 

ENDOCRINE SYSTEM. 

EXERCISE 11-17 

Complete the following table by writing the eorreet word part or meaning in the spaee provided. 
Write a word that eontains eaeh word part in the “Example” eohmrn. 

Word Part Meaning Example 

1. trop/o _ _ 

2. _ cortex _ 

3. -poiesis _ _ 

4. natri _ _ 

5. _ male _ 

6. _ glucose, sugar _ 

7. ren/o _ _ 

8. -sterone _ _ 


9. oxy 

10. nephr/o 
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Making the Connections 

The following eoneept map deals with the relationship among the hypothalamus, pitmtary gland, 
and some target organs. Eaeh pair of terms is linked together by a eonneeting phrase into a sen- 
tenee. The sentenee should be read in the direetion of the arrow. Complete the eoneept map by hll- 
ing in the appropriate term or phrase. There is one right answer for eaeh term. However, there are 
many eorreet answers for the eonneeting phrases (1, 4, 5, 9, 12). 


© 



Hypothalamus 



releasing hormones 


Regulate hormone 
production by the 


t 


Seeretes 


t 


lnduces milk 


synthesis 
by the 


e 



Synthesizes hormones 
released by the 


Releases 


Releases 


© -- 1 

ADH 

°l 

1 


> breast 

kidney tubules 


Stimulates 
the growth and 
aetivity of the 



thyroid gland 




parathyroid glands 


Seeretes 


thyroid hormones 

leontaining 
|3 iodines 
lare ealled 






thyroxine 



ls abbreviated 


Is abbreviated 



Optional Exercise: Make your own eoneept map involving the endoerine system. Use the follow- 
ing terms and any others you would like to include (e.g., target sites, hormone aetions): panereas, 
insulin, glucagon, adrenal gland, medulla, cortex, epinephrine, eortisol, aldosterone, raises blood 
glucose, lowers blood glucose. 
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Testing Your Knowledge 

BLIILDING IJNDERSTANDING 
I. MULTIPLE CHOICE 


Seleet the best answer. 


1. Which of these hormones promotes normal growth? 

a. thyroxine and triiodothyronine 

b. eortisol 
e. glucagon 

d. oxytocin 

2. What is an androgen? 

a. female sex hormone 

b. glucocorticoid 

e. male sex hormone 

d. atrial hormone 

3. Which of the following hormones is NOT produced by the thyroid gland? 

a. T 4 

b. thyroxine 

e. triiodothyronine 

d. thyroid-stimulating hormone 

4. Which of these hormones causes milk ejeetion from the breasts? 

a. oxytocin 

b. prolaetin 

e. progesterone 

d. estrogen 

5. Which of these hormones deereases blood glucose eoneentrations? 

a. eortisol 

b. aldosterone 

e. insulin 

d. glucagon 

6. Which of these glands releases antidiuretic hormone? 

a. anterior pituitary 

b. posterior pituitary 

e. adrenal 

d. panereas 

7. Which of the following hormones is derived from eholesterol? 

a. progesterone 

b. thyroid hormone 

e. growth hormone 

d. luteinizing hormone 

8. Which two hormones mediate the stress response? 

a. growth hormone and insulin 

b. testosterone and oxytocin 

e. parathyroid hormone and insulin 
d. epinephrine and eortisol 
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9. Which pituitary hormone regulates the aetivity of the thyroid gland? 9._ 

a. TSH 

b. GH 

e. ACTH 

d. MSH 

10. Which of these organs synthesizes erythropoietin? 10._ 

a. kidneys 

b. skin 

e. heart 

d. plaeenta 

11. C0MPLETI0N EXERCISE 

1. An abnormal inerease in production of the hormone epinephrine may result from a tumor of 

the_ 

2. Releasing hormones are sent from the hypothalamus to the anterior pituitary by way of a speeial 

circulatory pathway ealled a(n)_ 

3. When the blood glucose level deereases below average, the islet eells of the panereas release less 

insulin. The result is an inerease in blood glucose. This is an example of the regulatory meeha- 
nism ealled_ 

4. The hypothalamus stimulates the anterior pituitary to produce ACTH, which, in turn, stimu- 

lates hormone production by the_ 

5. The element needed for the production of thyroxine is_ 

6. Loeal hormones that have a variety of effeets, including the promotion of inflammation and the 

production of uterine eontraetions, are the_ 

7. A hormone seereted from the posterior pituitary that is involved in water balanee is 


8. The primary target tissue for prolaetin is the_ 

LINDERSTANDING C0NCEPTS 
I. TRLIE/FALSE 

For eaeh statement, write T for true or F for false in the blank to the left of eaeh number. If a state- 
ment is false, eorreet it by replaeing the underlined term, and write the eorreet statement in the 
blanks below the statement. 

_1. A defieieney in insulin results in abnormally high eoneentrations of blood glucose. 


2. Cortisol and the panereatie hormone insulin both raise blood glucose levels. 
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3. Antidmretie hormone promotes water retention. 


4. The ovaries and testes produce steroid hormones. 


5. Cortisol is produced by the adrenal cortex . 


6. Islet eells are found in the adrenal gland . 


7. ADH and oxytocin are seereted by the anterior lobe of the pituitary. 


8. Atrial natriuretic peptide (ANP) is produced by the kidneys . 


II. PRACTICAL APPLICATIONS 

Study eaeh discussion. Then write the appropriate word or phrase in the spaee provided. 

1. Ms. H, age 8, was brought to the elinie because she had been losing weight, was very thirsty, 

and urinated frequently. A blood ehemistry panel taken when she had not eaten for eight hours 
showed an extremely high blood glucose reading of 186 mg/dL as well as other abnormal read- 
ings. The physieian suspected a defieieney in the panereatie hormone that promotes cellular 
glucose uptake. This hormone is ealled_ 

2. Mr. G, age 38, had been taking high doses of oral steroid drugs for asthma for six years. The 

steroid used to treat inflammation is_ 

3. The steroid used to treat Mr. G is normally produced by the_ 

4. Mr. L, age 42, reported to the hospital emergeney room with eomplaints of shortness of 
breath and heart palpitations. The initial assessment by the nurse included the following 
findings: rapid heart rate, nervousness with tremor of the hands, skin warm and flushed, 
sweating, rapid respiration, and protruding eyes. Laboratory tests revealed abnormally high 
levels of two related hormones produced by the thyroid gland, namely triiodothyronine and 


5. After surgery for his endoerine problem, Mr. L had tetany, or eontraetions of the muscles of the 

hands and faee. This was caused by the ineidental surgical removal of the glands that eontrol 
the release of calcium into the blood. The glands that maintain adequate blood calcium levels 
are the_ 

6. Ms. M has just been stung by a bee. She is extremely allergie to bees. Her sister gives her a 

lifesaving injeetion of an adrenal hormone. This hormone is ealled_ 
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7. Ms. Q was supposed to have her baby 10 days ago. Her relatives are anxiously awaiting the birth 

of her ehild, so she asks her obstetrieian if he ean do something to hasten the birth of her ehild. 
The obstetrieian agrees to induce labor using a hormone ealled_ 

8. Mr. S is preparing for his final law exams and is feeling very stressed. His partner is studying for 

a physiology exam and mentions that he probably has elevated levels of an anterior pituitary 
hormone that aets on the adrenal cortex. This hormone is ealled_ 

9. Ms. J, age 35, is preparing for a weight-lifting eompetition. She wants to build muscle tissue 

very rapidly, so a friend reeommends that she use injeetions of a male steroid known to stimu- 
late tissue building. This steroid is normally produced by the_ 

III. SHORT ESSAYS 

1. Explain why hormones, although they circulate throughout the body, exercise their effeets only 
on speeifie target eells. 



2. List two differenees between the endoerine system and the nervous system. 



3. Name three organs other than endoerine glands that produce hormones, and name a hormone 
produced in eaeh organ. 



4. Compare the anterior and the posterior lobes of the pituitary. 
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CONCEPTUAL THINKING 

1. Mr. J was taking testosterone supplements for many years to build up his muscles. He reeently 
stopped taking the supplements, and a blood test revealed that his blood testosterone eoneen- 
tration was extremely low. Based on your knowledge of negative feedbaek, ean you tell Mr. J. 
what happened? You ean consult the One Step at a Time box in the textbook to help you answer 
this question. 


2. Young Ms. K suffers from asthma. She uses an inhaler eontaining epinephrine to treat her 
attaeks. However, lately she has been suffering from a very rapid heartbeat. Her physieian 
advises her to use her inhaler less frequently. Why? 


Expanding Your Horízons 

In the past, hormones were not available for therapeutic use or were obtained only from eadavers. 
As you ean imagine, hormone supplies were limited and reserved for eases of hormone defieieney. 
But many hormones now ean be produced in unlimited quantities in the laboratory. This wide- 
spread availability has led to abuse by athletes and others trying to gain a eompetitive advantage. 
Read about all of the hormones—and other substances—that are banned by the World Anti-Doping 
Ageney (WADA) at the website listed below. You ean also aeeess the online artieles listed below to 
read more about the Cí arms raee” between some unscrupulous athletes and the authorities. 


■ Catlin DH, Fiteh KD, Ljungqvist A. Medieine and seienee in the fight against doping in sport. J Intern Med 2008;264(2); 
99-114. PMID 18702750. Available at: http://onlinehbrary.wiley.eom/doi/10.llll/j.1365-2796.2008.01993.x/pdf 

■ Saugy M, Robinson N, Saudan C, et al. Human growth hormone doping in sport. Br J Sports Med 2006;40(Suppl 1): 
Ì35-Ì39. PMCID PMC2657499. Available at: http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2657499/ 

■ World Anti Doping Ageney Web site. Available at: http://www.wada-ama.org/ 
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Overvievv 


The blood maintains the eonstaney of 
the internal environment through its 
functions of transportation, regulation, 
and proteetion. Blood is eomposed of 
two portions: the liquid portion, or 
plasma, and the formed elements, eon- 
sisting of eells and eell fragments. The 
plasma is 91% water and 9% solutes, 
including proteins, earbohydrates, lip- 
ids, eleetrolytes, and waste products. 
The formed elements are eomposed of 
the erythroeytes, which earry oxygen 
to the tissues; the leukocytes, which 
defend the body against invaders; and 
the platelets, which help prevent blood 
loss. The forerunners of the blood eells 
are ealled hematopoietie stem eells. 
These are formed in the red bone mar- 
row, where they then develop into the 
various types of blood eells. 

Hemostasis (the prevention of blood 
loss) is a series of proteetive meeha- 
nisms that occur when a blood vessel 
is ruptured by an injury. The steps in 
hemostasis include eonstrietion of the 
blood vessels, formation of a platelet 
plug, and formation of a elot (coagu- 
lation), a complex series of reaetions 
involving many different faetors. 

If the quantity of blood in the body 
is severely reduced because of hemor- 
rhage or disease, the eells suffer from 
laek of oxygen and nutrients. In such 
instanees, a transfusion may be given 
after typing and matehing the blood 
of the donor with that of the reeipient. 
Donor red eells with different surface 
antigens (proteins or glyeoproteins) 
than the reeipient’s red eells will reaet 
with antibodies in the reeipient’s blood 
plasma, causing harmful agglutination 
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reaetions and destmetion of the donated eells. Blood is most eommonly tested for the ABO system 
involving antigens A and B. Blood ean be paekaged and stored in blood banks for use when transfu- 
sions are needed. Whenever possible, blood eomponents such as eells, plasma, plasma fraetions, or 
platelets are used. This praetiee is more efheient and ean reduce the ehanees of ineompatibility and 
transmission of disease. 

The Rh faetor, another red blood eell antigen, also is important in transfusions. If blood eontain- 
ing the Rh faetor (Rh positive) is given to a person whose blood laeks that faetor (Rh negative), 
the reeipient will produce antibodies to the foreign Rh faetor. If an Rh-negative mother is thus 
sensitized by an Rh-positive fetus, her antibodies may damage fetal red eells in a later pregnaney, 
resulting in hemolytie disease of the newborn (erythroblastosis fetalis). 

Seientists have devised numerous studies to measure the eomposition of blood. These include the 
hematoerit, hemoglobin measurements, eell counts, blood ehemistry tests, and coagulation stud- 
ies. These techniques ean diagnose blood diseases, some infectious diseases, and some metabolie 
diseases. Modern laboratories are equipped with automated counters, which rapidly and accurately 
count blood eells, and with automated analyzers, which measure enzymes, eleetrolytes, and other 
constituents of blood serum. 


Addressìng the Learning Objeetives 

1. LISTTHE FUNCTIONS OFTHE BLOOD. 

EXERCISE 12-1 

List three hmetions of blood, and provide an example for eaeh. 

1 _ 

2 _ 

3_ 

2. IDENTIFY THE MAIN C0MP0NENTS OF PLASMA. 

EXERCISE 12-2 

Which of the following substances are constituents of plasma? Circle all that apply. 

a. erythroeytes 

b. water 

e. proteins 

d. platelets 

e. nutrients 

f. eleetrolytes 
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3. DESCRIBE THE FORMATION OF BLOOD CELLS. 

EXERCISE 12-3 

Name the type of stem eell that ean develop into all types of blood eells. 


4. NAME AND DESCRIBE THE THREE TYPES OF FORMED ELEMENTS 1N THE BLOOD, 
AND GIVE THE FUNCTIONS OF EACH. 

EXERCISE 12-4: Composition of Whole Blood (Text Fig. 12-1) 

1. Write the names of the different blood eomponents on the appropriate numbered lines in 
different eolors. IJse the eolor red for parts 1, 2, and 3. 

2. Color the blood eomponents on the diagram with the eorresponding eolors. 



1 . 

2 . 

3. 

4 . 

5. 

6 . 

7. 

8 . 
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5. CHARACTERIZE THE FIVE TYPES OF LEUKOCYTES. 

EXERCISE 12-5: Leukocytes (Table 12-2) 

1. Write the names of the five types of leukocytes on lines 1 to 5. 

2. Write the names of the labeled eell parts and other blood eells on lines 6 to 9. 



o Graniiles stain e Gramiles stain e Granules stain 

lavender bright pink dark blue 



1 . 

2 . 

3. 

4. 

5. 

6 . 

7. 

8 . 

9. 


0 0 
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EXERCISE 12-6 

Write the appropriate term in eaeh blank from the list below. 


erythroeyte 

platelet 

leukocyte 

plasma 

hemoglobin 

albumin 

antibodies 

eomplement 

semm 



1. A red blood eell _ 

2. Another name for thromboeyte _ 

3. The most abundant protein(s) in plasma _ 

4. The liquid portion of blood, inehtding elotting faetors _ 

5. A white blood eell _ 

6. A group of enzymes that partieipate in immunity _ 

7. The liquid portion of blood, without elotting faetors _ 

8. The protein that fills red blood eells _ 

9. Nonenzyme blood proteins that partieipate in imimmity _ 

EXERCISE 12-7 

Write the appropriate term in eaeh blank from the list below. 
neutrophil maerophage monoeyte pus 

eosinophil basophil plasma eell 

1. The most abundant type of white blood eell in whole blood _ 

2. A tissue eell that develops from monoeytes _ 

3. A lymphoeyte that produces antibodies _ 

4. A leukocyte that stains with aeidie dyes _ 

5. The largest blood leukocyte _ 

6. A substance that often accumulates when leukocytes are 

aetively destroying baeteria _ 

7. A leukocyte that stains with basie dyes _ 

6. DEFINE HEMOSTASIS, AND CITE THREE STEPS IN HEMOSTASIS, 

Also see Exercise 12-9. 

EXERCISE 12-8 

What is the differenee between hemostasis and homeostasis? 
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7. BRIEFLY DESCRIBE THE STEPS IN BLOOD CLOTTING, 

EXERCISE 12-9 

Write the appropriate term in eaeh blank from the list below. 
vasoeonstrietion coagulation hemorrhage platelet plug 

thrombin fibrin calcium 

1. A eolleetion of eell fragments that temporarily repairs a 

vessel injury _ 

2. The proeess of blood elot formation _ 

3. The result of eontraetion of smooth muscles in the blood 

vessel wall _ 

4. Another term for profuse bleeding _ 

5. The aetive enzyme that eonverts fibrinogen into fibrin _ 

6. The solid threads that form a blood elot _ 

7. A elotting faetor that also is needed to form bone tissue _ 

EXERCISE 12-10: Formation of a Blood Clot (Text Fig. 12-7A and B) 


Write the eorreet terms in eaeh of the numbered boxes. 
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8. DEFINE BLOOD TYPE, AND EXPLAIN THE RELATION BETWEEN BLOOD TYPE 
AND TRANSFLISIONS. 


EXERCISE 12-11: Blood Typing (Text Fig. 12-8) 

Based on the agglutination reaetions, write the name of eaeh blood type on the mtmbered lines. 


1 . 

2 . 

3. 

4 . 


Anti-A serum Anti-B serum 
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9. EXPLAIN THE BASIS OF RH INCOMPATIBILITY AND ITS POSSIBLE CONSEQUENCES> 

See Exercise 12-12. 


10. LIST F0UR POSSIBLE REASONS FOR TRANSFUSIONS OF WH0LE BLOOD 

AND BLOOD COMPONENTS. 

EXERCISE 12-12 

Write the appropriate term in eaeh blank from the list below. Not all terms will be used. 
hematoerit Rh faetor autologous AB antigens agglutination 

hemapheresis plasmapheresis antibody antigen 

1. A general term deseribing any substance that ean aetivate 

an immune response _ 

2. The procedure for removing plasma and returning formed 

elements to the donor _ 

3. The procedure for removing speeifie eomponents and 

returning the remainder of the blood to the donor _ 

4. Term deseribing blood donated by an individual for use by the 

same individual _ 

5. The vohrnre pereentage of red eells in whole blood _ 

6. These blood antigens are laeking in individuals with 

O-positive blood _ 

7. The blood antigen involved in hemolytie disease of the 
newborn, which results from a blood ineompatibility between 

a mother and fetus _ 

8. The proeess by which eells beeome clumped when mixed 

with a speeifie antiseram _ 
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11. IDENTIFY SIX TYPES OF TESTS USED TO STLIDY BLOOD, 

EXERCISE 12-13 

Which blood test is most applieable to eaeh situation? Choose the appropriate test from the list 
below. Eaeh term ean only be used onee. 

red eell count Chem-7 coagulation study 

blood smear platelet count 

1. Diagnose a elotting defieieney _ 

2. Diagnose polyeythemia _ 

3. Determine the abundance of small eell fragments involved 

in hemostasis _ 

4. Count the number of reticulocytes _ 

5. Determine the eoneentration of blood glucose _ 

12. REFERRING TO THE CASE STUDY f DISCUSS THE ADVERSE EFFECTS OF BONE 

MARR0W DAMAGE. 

EXERCISE 12-14 

Use evidenee from the ease study to explain the key roles of erythroeytes, platelets, and leukocytes 
in body hmetion. The hrst row has been eompleted for you. 


Cell Type 

Role 

Evidenee of Disorder from Case Study 

Erythroeytes 

Oxygen transport 

Eleanor was tired because she laeked RBCs to transport 
adequate amounts of oxygen. 

Platelets 



Leukocytes 
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13. SH0W H0W W0RD PARTS ARE USED TO BLIILD W0RDS RELATED TO THE BLOOD, 
EXERCISE 12-15 

Complete the following table by writing the eorreet word part or meaning in the spaee provided. 
Write a word that eontains eaeh word part in the “Example” column. 


Word Part 

1. erythr/o 
2 _ 

3. pro- 

4. morph/o 

5_ 

6 ._ 

7. hemat/o 

8 _ 

9. hemo 

10 _ 


Meaning 


Example 


blood elot 


white, eolorless 
producing, originating 



dissolving 
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Making the Connections 

The following eoneept map deals with the elassiheation of blood eells. Eaeh pair of terms is linked 
together by a eonneeting phrase into a sentenee. The sentenee should be read in the direetion of the 
arrow. Complete the eoneept map by hlling in the appropriate term or phrase. There is one right 
answer for eaeh term. However, there are many eorreet answers for the eonneeting phrases (5, 6, 8, 
10, 12, 14, and 16). 


Formed Blood Elements 


That are red 
are ealled 


o 


o 


Containing 
purple-staining 
granules are 


© 


© 


o 


© 




That are eell 
fragments 
are ealled 


© 


© 


Contain an 



oxygen-carrying 


© 

protein ealled 



Are involved 
in 


T 


t 

leukocytes 


megakaryoeytes 


o 


f 


Containing 
granules 
are ealled 



agranulocytes 


Containing 

pink-staining 


granules are 


t 



basophils 


Are eapable 



That are very 
large are 



© 


0 


t 


That mature in lymphoid 
tissues are ealled 


0 


> 

0 

plasma eells 



maerophages 


Optional Exercise: Make your own eoneept map involving blood. Use the following terms and any 
others you would like to inehtde: procoagulants, anticoagulants, platelet plug, hemostasis, vaso- 
eonstrietion, blood elot, hbrinogen, hbrin, prothrombinase, thrombin, semm. 
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Testìng Your Knowledge 

BLIILDING IJNDERSTANDING 
I. MULTIPLE CH0ICE 

Seleet the best answer. 

1. Plasma ean be given to anyone without danger of ineompatibility 

because it laeks which of the following substances? 1. 

a. serum 

b. red eells 
e. protein 

d. elotting faetors 

2. Which blood eell type is also ealled a polymorph, PMN, or seg? 2. 

a. monoeyte 

b. neutrophil 

e. basophil 

d. lymphoeyte 

3. Which of the following is NOT a type of white blood eell? 3. 

a. thromboeyte 

b. lymphoeyte 

e. eosinophil 

d. monoeyte 

4. Which of these proteins is the enzyme that aetivates hbrinogen? 4. 

a. albumin 

b. thrombin 

e. thromboplastin 

d. fibrin 

5. Which of the following might result in an Rh ineompatibility problem? 5. 

a. an Rh-positive mother and an Rh-negative fetus 

b. an Rh-negative mother and an Rh-positive fetus 

e. an Rh-negative mother and a type AB fetus 

d. an Rh-positive mother and an Rh-negative father 

6. What is the most abundant protein in plasma? 6. 

a. platelets 

b. antibodies 

e. hemoglobin 

d. albumin 

7. Which of these problems could be diagnosed by eleetrophoresis? 7. 

a. the volume proportion of red eells 

b. the presenee of normal and abnormal types of hemoglobin 

e. red blood eell number 

d. white blood eell number 

8. Which antibody elasses are present in type B blood? 8. 

a. A 

b. B 

e. both A and B 
d. neither A nor B 
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9. Which of the following eells is NOT a granulocyte? 9._ 

a. monoeyte 

b. eosinophil 
e. neutrophil 
d. polymorph 

II. C0MPLETI0N EXERCISE 

1. The vohmre pereentage of red eells in whole blood is the_ 

2. Serious bleeding problems may result from a defieieney of small eell fragments ealled 


3. The gas that is neeessary for life and that is transported to all parts of the body by the blood 

is_ 

4. Some monoeytes enter the tissues, mature, and beeome aetive phagoeytes. These eells are 

ealled_ 

5. One waste product of body metabolism is earried to the hrngs to be exhaled. This gas 

is_ 

6. The hormone that stimulates red blood eell production is_ 

7. Blood eells are formed in the_ 

8. The most important function of eertain lymphoeytes is to engulf disease-producing organisms 

by the proeess of_ 

9. The ehemieal element that eharaeterizes hemoglobin is_ 

LINDERSTANDING C0NCEPTS 
I. TRLIE/FALSE 

For eaeh statement, write T for true or F for false in the blank to the left of eaeh number. If a state- 
ment is false, eorreet it by replaeing the underlined term, and write the eorreet statement in the 
blanks below the statement. 

_1. Eosinophils and basophils are granular leukocytes. 


2. If the formed elements are returned to the blood donor, the procedure is ealled 
plasmapheresis . 


3. A mieroliter (meL) of blood eontains about 5 million leukocvtes . 
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4. The hormone that stimulates red blood eell production is produced by the kidnevs . 


5. Type AB blood eontains antibodies to both A and B antigens. 


6. Platelets are fragments of large eells ealled agranulocytes . 


7. Substances that induce blood elotting are ealled procoagulants . 


8. The watery fhhd that remains after a blood elot has been removed from the blood is 
plasma . 


II. PRACTICAL APPLICATIONS 

Study eaeh discussion. Then write the appropriate word or phrase in the spaee provided. 

> Group A 

1. A young girl named AL fell off her bike, sustaining a deep gash to her leg that bled copiously 
from a severed vessel. In deseribing this type of bleeding, the doetor in the emergeney elinie 

used the word_ 

2. While the physieian attended to the wound, the teehnieian drew blood for typing and other 
studies. ALs blood did not agglutinate with either anti-A or anti-B semm. Her blood was elassi- 

fied as type_ 

3. Young AL required a blood transfusion. The only type of blood she could reeeive is 

type- 

4. Further testing of ALs blood revealed that it laeked the Rh faetor. She was, therefore, said to 

be_ 

5. If AL were to be given a transfusion of Rh-positive blood, she might beeome sensitized to 
the Rh protein. In that event, her blood would produce counteracting substances ealled 


> Group B 

1. Mr. K, age 72, had an injury riding his motorized seooter down a steep hill. He suffered only 
minor serapes, but he eame to the hospital because his serapes did not stop bleeding. The pro- 

eess by which blood loss is prevented or minimized is ealled_ 
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2. The physieian diseovered that Mr. K was the great great great grandson of Queen Vietoria. Like 
many of her offspring, Mr. K suffers from a defieieney of a elotting faetor. Clotting faetors par- 

tieipate in the stage of hemostasis known as_ 

3. Mr. K must be treated with a rieh source of elotting faetors. The doetor gets a bag of frozen 
plasma, which has a white powdery substance at the bottom of the bag. The substance is ealled 


4. Mr. K also mentions that he has been very tired and pale lately. His eook reeently retired, and 
he has been surviving on dill piekles and eraekers. The physieian suspects a defieieney in an 

element required to synthesize hemoglobin. This element is ealled_ 

5. The physieian orders a test to determine the proportion of red blood eells in his blood. The 

result of this test is ealled the_ 

6. The test eonfirms that Mr. K does not have enough red blood eells due to a dietary defieieney. This 

defieieney impairs the ability of his blood to earry the gas known as_ 

> Group C 

1. Ms. J, an elite eyelist, has eome to the hospital eomplaining of a pounding headaehe. The physi- 
eian, Dr. L, takes a sample of her blood, and notiees that it is very thiek. He deeides to count her 
red blood eells, but the automatic eell counter is broken. Dr. L ealls for a teehnieian to perform 

a visual count using the mieroseope and a speeial slide ealled a(n)_ 

2. The teehnieian eomes baek with a result of 7.5 million eells/meL. This count is abnormally 

high, suggesting a diagnosis of_ 

3. Dr. L is immediately suspicious. He asks Ms. J if she consumes any performanee-enhaneing 
dmgs. Ms. J admits that she has been taking a hormone to inerease red blood eell synthesis. 

This hormone is ealled_ 

4. Dr. L informs Ms. J that she is at risk for blood elot formation. He tells her to stop taking the 
hormone and to take aspirin for a few days to inhibit blood elotting. Drugs that inhibit elotting 

are ealled_ 
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III. SHORT ESSAYS 


1. What kind of information ean be obtained from blood ehemistry tests? 


2. Briefly deseribe the final events in blood elot formation, naming the substances involved in 
eaeh step. 


3. Name one reason to transfitse an individual with: 
a. whole blood 


b. platelets 

e. plasma 

d. plasma protein 
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CONCEPTUAL THINKING 


1. A dehydrated individual will have an elevated hematoerit. Explain why. 


2. A man named JA has a history of frequent fevers. His skin is pale and his heart rate rapid. The 
doetor suspects that he has eaneer. Use the procedure in the One Step at a Time box to analyze 
his blood test results. 


Test 

Result 

Referenee Range 

Units 

RBC 

3.4 

14.2-5.4] 

M/mcL 

WBC 

17 

[5-10] 

K/mcL 

HGB 

12 

[13.5-17.5] 

g/dL 

HCT 

35 

[40-50] 

% 

PLT 

193 

[150-450] 

K/mcL 

ALB 

3.9 

[3.8-5] 

g/dL 

Na 

103 

[101-111] 

mEq/L 

GLU 

105 

[85-105] 

mg/dL 


a. Which of his results are normal, and which are abnormal? 
your answer. 


Spell out eaeh abbreviation in 


b. Which of these values was obtained by a Chem-7 test? 



Consider the different functions of blood. Discuss some functions that might be impaired 
in JA’s ease. 
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3. Mr. R needs a blood transfusion. He has type AB blood. The doetor is eonsidering a transfusion 
using A blood. 

a. Which antigens are present on his blood eells? 


b. Which antibodies will be present in his blood? 


e. Which antigens will be present on donor blood eells? 


d. Is this blood transfusion safe? Why or why not? 


Expanding Your Horízons 

Have you ever watched vampire entertainment, such as the Twilight movies or the True Blood TV 
series? Imagine how much easier life would be for vampires if they could buy blood in the groeery 
stores. And in our vampire-free world, a safe, effeetive artifieial blood substitute would save dollars 
and lives. These substitutes would be free of the problems assoeiated with normal blood transfu- 
sions: eontamination with HIV or hepatitis, ineompatibility reaetions, short shelf life, stringent 
storage eonditions, and limited supply. Billions of dollars have gone into the seareh for artifieial 
blood, and some compounds have been used when blood supplies run short. However, none of 
the currently available substitutes are safe—they all appear to inerease the risk of heart attaek. You 
ean read more about the seareh for a safe blood substitute on the websites below or do a seareh for 
“artifieial blood.” 

■ Akst J. Artifieial blood is patient-ready. TheSeientist April 16, 2014. Available at: http://www.the-scientist.com/7articles. 
view/articleNo/39718/title/Artificial-Blood-Is-Patient-Ready/ 

■ Cooper C. Can we make a blood substitute? Available at: http://www.profchriscooper.com/Home/Artificial_Blood.html 
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The eeaseless beat of the heart day and 
night throughout one’s entire lifetime is 
such an obvious key to the presenee of 
life that it is no surprise that this organ 
has been the subject of wonderment and 
poetry. When the heart stops pumping, 
life eeases. The eells must have oxygen, 
and it is the heart’s pumping aetion that 
propels oxygen-rich blood to them. 

In size, the heart is roughly the size 
of one’s hst. It is loeated between the 
lungs, more than half to the left of the 
midline, with the apex (point) direeted 
toward the left. Below is the diaphragm, 
the dome-shaped muscle that separates 
the thoraeie eavity from the abdomino- 
pelvie eavity. 

The heart eonsists of two sides sepa- 
rated by septa. The septa keep blood 
that is higher in oxygen entirely sepa- 
rate from blood that is lower in oxy- 
gen. The two sides pump in unison, the 
right side pumping blood to the hrngs 
to piek up more oxygen and drop off 
earbon dioxide, and the left side pump- 
ing blood to all other parts of the body. 

Eaeh side of the heart is divided 
into two parts or ehambers. The upper 
ehamber or atrium on eaeh side is the 
reeeiving ehamber for blood return- 
ing to the heart. The lower ehamber or 
ventriele is the strong pumping eham- 
ber. Because the ventrieles pump more 
forcefully, their walls are thieker than 
the walls of the atria. Valves between 
the ehambers keep the blood flowing 
forward as the heart pumps. The muscle 
of the heart wall, the myocardium, has 
speeial features to enhanee its pumping 
efheieney. The eoronary circulation sup- 
plies blood direetly to the myocardium. 
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The heartbeat originates within the heart at the sinoatrial (SA) node, often ealled the paeemaker. 
Eleetrieal imprilses from the paeemaker spread through speeial conducting hbers in the wall of the 
heart to induce eontraetions, hrst of the two atria and then of the two ventrieles. While the atria eon- 
traet, the ventrieles relax and viee versa. After ventricular eontraetion hnishes, the entire heart relaxes 
and hlls with blood. For eaeh heart ehamber, the relaxation phase is ealled diastole, and the eontrae- 
tion phase is ealled systole. One eardiae eyele includes all of the events of a single heartbeat, that is, 
atrial systole, ventricular systole, and then diastole of all heart ehambers. The heart rate is inhuenced 
by the nervous system and other circulating faetors, such as hormones and drugs. The cardiovascular 
eontrol eenter modihes heart rate as needed in order to maintain relatively eonstant blood pressure. 


Addressing the Learning Objeetives 

1. DESCRIBE THE THREE TISSUE LAYERS OF THE HEART WALL. 

See Exercises 13-1, 13-2, and 13-3. 


2. DESCRIBE THE L0CATI0N AND STRUCTURE OF THE PERICARDIUM, AND CITE ITS 
FUNCTIONS. 


EXERCISE 13-1: Layers of the Heart Wall and Pericardium (Text Fig. 13-2) 


1. Write the terms heart wall 
and seroiis pericardium in the 
appropriate boxes. 

2. Write the names of struc- 
tures 3 through 8 on the 
numbered lines in different 
eolors. Use blaek for struc- 
ture 6, because it will not be 
eolored. 

3. Color the structures on the 
diagram (except structure 
6) with the eorresponding 
eolors. 

3 _ 

4 _ 

5 _ 

6 ._ 

7 _ 

8 _ 
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EXERCISE 13-2 

Fill in the blanks of the eoneept map below. 


Heart 



EXERCISE 13-3 

Write the appropriate term in eaeh blank from the list below. Not all terms will be used. 
base apex endocardium 

epicardium fibrous pericardium myocardium 

serous pericardium viseeral layer parietal layer 

1. The pointed, inferior portion of the heart _ 

2. The membrane eonsisting of a viseeral and a parietal layer _ 

3. A layer of epithelial eells in eontaet with blood within 

the heart _ 

4. The heart layer eontaining interealated disks _ 

5. The outermost layer of the sae enelosing the heart _ 

6. An alternate term for the epicardium _ 

7. The site where the major vessels attaeh to the heart _ 

8. The heart wall layer eomposed of eonneetive tissue _ 

3. C0MPARE THE FUNCTIONS OF THE RIGHT AND LEFT CHAMBERS OF THE HEART. 


See Exercises 13-4 and 13-5. 
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4. NAME THE VALVES AT THE ENTRANCE AND EXIT OF EACH VENTRKLE, AND IDENTIFY 
THE FUNCTION OF EACH. 

EXERCISE 13-4: The Heart and Great Vessels (Text Fig. 13-4) 

1. Label the indieated parts. Hint: Structures 5 and 14 are ehambers. 

2. Use arrows to show the direetion of blood flow. If you would like, use red arrows for blood high 
in oxygen and blue arrows for blood low in oxygen. 




1 . 


9. 


17 


2 . 


10 . 


18 


3. 


11 . 


19 


4. 


12 . 


20 


5 _13_21. 

6 _14_22. 




23. 




24 . 
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EXERCISE 13-5 

Write the appropriate term in eaeh blank from the list below. 

left ventriele right ventriele left atrium 

right atrium atrioventricular valve pulmonary valve 

pulmonary circuit aortie valve systemie circuit 

1. The ehamber that pumps blood to the hmgs 

2. The valve that prevents blood from returning to the right 
ventriele 

3. The ehamber that reeeives blood from the hmgs 

4. The valve that prevents blood from returning to the left 
ventriele 

5. The pathway that earries blood to and from the hmgs 

6. One of two valves dividing the upper and lower ehambers 

7. The pathway that earries blood to and from body tissues 

8. The ehamber that pumps oxygen-rich blood to the body 

9. The ehamber that reeeives oxygen-poor blood from the 
body 
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5. BRIEFLY DESCRIBE BLOOD CIRCULATION THROUGH THE MYOCARDIUM. 


EXERCISE 13-6: The Coronary Circulation (Text Fig. 13-6) 


1. Label the parts of the heart (structures 1 to 10). 

2. Label the vessels of the eoronary circulation (structures 11 to 16). 



A Anterior 


B Posterior 
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6. BRIEFLY DESCRIBE THE CARDIAC CYCLE. 

EXERCISE 13-7 

Fill in the blank after eaeh event—does it occur in eomplete diastole (D), atrial systole (A), or ven- 
tricular systole (V)? 

1. The ventrieles are eontraeting _ 

2. The atria are eontraeting _ 

3. Blood is entering the aorta _ 

4. Neither the ventrieles nor the atria are eontraeting _ 

5. The atrioventricular valves are elosed _ 

EXERCISE 13-8 

Write the appropriate term in eaeh blank from the list below. 
diastole atrial systole ventricular systole 

eardiae output stroke volume 

1. The amount of blood ejeeted from a ventriele with eaeh beat _ 

2. The stage of the eardiae eyele that direetly follows the resting 

period _ 

3. The stage of the eardiae eyele that preeedes the resting period _ 

4. The vohmre of blood pumped by eaeh ventriele in one minute _ 

5. The resting period of the eardiae eyele _ 
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7. NAME AND LOCATE THE COMPONENTS OF THE HEART'S C0NDUCTI0N SYSTEM, 
EXERCISE 13-9: The Conduction System of the Heart (Text Fig. 13-9) 


1. Label the heart ehambers (bullets 1 to 4). 

2. Label the parts of the conducting system (bullets 5 to 10). Draw arrows to indieate the direetion 
of impulse conduction. 



o © 


EXERCISE 13-10 

Write the appropriate term in eaeh blank from the list below. Not all terms will be used. 
atrioventricular bundle Purkinje fibers sinus rhythm 

sinoatrial node atrioventricular node internodal pathways 

1. The group of conduction fibers found in the ventrieles’ walls _ 

2. The mass of conduction tissue loeated in the septum at the 

bottom of the right atrium _ 

3. A normal heartbeat, originating from the normal heart 

paeemaker _ 

4. The group of conduction fibers earrying impulses from the 

AV node _ 

5. The name of the normal heart paeemaker, loeated in the upper 

wall of the right atrium _ 
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8. EXPLAIN THE EFFECTS OF THE AUT0N0MIC NERV0US SYSTEM (ANS) ON THE HEART 
RATE. 

EXERCISE 13-11 

Fill in the blank after eaeh statement—does the eharaeteristie refer to the parasympathetie nervous 
system (P) or the sympathetie nervous system (S)? 

1. Regulates heart aetivity via the vagus nerve _ 

2. Uses ganglia loeated elose to the spinal eord _ 

3. Deereases the heart rate _ 

4. Inereases the foree of eaeh eontraetion _ 

5. Inereases the heart rate _ 

9. LIST AND DEFINE SEVERAL TERMS THAT DESCRIBE VARIATIONS IN HEART RATES> 
EXERCISE 13-12 

Write the appropriate term in eaeh blank from the list below. 
bradyeardia taehyeardia sinus arrhythmia extrasystole 

1. A beat that eomes before the normal beat _ 

2. A normal variation in heart rate caused by ehanges in 

breathing rate _ 

3. A heart rate of less than 60 bpm _ 

4. A heart rate of greater than 100 bpm _ 


10. EXPLAIN WHAT PR0DUCES EACH 0F THE TW0 NORMAL HEART S0UNDS f AND 

IDENTIFY THE USUAL CAUSE 0F A MURMUR. 

EXERCISE 13-13 

Fill in the blanks. 

1. The “lub” sound is caused by the closure of the_valves. 

2. The “dub” sound is caused by the closure of the_valves. 

3. An abnormal sound caused by a structural problem in the heart or nearby vessels is ealled a(n) 
_miirmnr. 

4. A sound heard during the workings of a healthy heart is ealled a(n)_ 


murmur. 
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11. BRIEFLY DESCRIBE FIVE METHODS USED TO STLIDY THE HEART. 

EXERCISE 13-14 

Write the appropriate term in eaeh blank from the list below. 
stethoseope eehoeardiography eatheterization 

eoronary angiography eleetroeardiography 

1. Technique that uses ultrasound to study the heart as it beats _ 

2. Technique that measures the eleetrieal aetivity of the heart _ 

3. Instrument used to deteet heart murmurs by their sound _ 

4. Any procedure in which an extremely thin tube is inserted 

into a vessel _ 

5. A procedure that uses a eatheter and dyes to visualize the 

heart’s blood vessels _ 

12. LIST F0UR RISK FACT0RS FOR C0R0NARY ARTERY DISEASE THAT CANN0T BE 

MODIFIED. 

See Exercise 13-15. 

13. LIST SEVEN RISK FACT0RS FOR C0R0NARY ARTERY DISEASE THAT CAN BE 

MODIFIED. 

EXERCISE 13-15 

Label eaeh of the following statements as true (T) or false (F). 

The risk of heart disease is inereased if you: 

1. smoke. _ 

2. have low blood pressure. _ 

3. have diabetes mellitus. _ 

4. exercise regularly. _ 

5. are a 30-year-old male (eompared to a 30-year-old female). _ 

6. tend to deposit fat on the thighs (rather than around the 

abdomen). _ 

7. eat more unsaturated fat and relatively little saturated fat. _ 

8. have a history of heart disease in your immediate family. _ 

9. suffer from sleep apnea. _ 
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14. LIST FOLJR CHANGES THAT MAY 0CCUR IN THE HEART WITH AGE. 
EXERCISE 13-16 

In the lines below, explain why the following ehanges occur in the elderly. 

1. Reduced eardiae output 


2. inereased ineidenee of heart murmurs 


3. inereased arrhythmias 


15. REFERRING TO THE CASE STUDY, LIST THE EMERGENCY AND SURGICAL 

PROCEDURES C0MM0NLY PERFORMED F0LL0WING A MYOCARDIAL INFARCTION, 
AND EXPLAIN WHY THEY ARE DONE. 

EXERCISE 13-17 

In the lines below, list three emergeney measures, three administered medieations, and one surgical 
measure that Jim, the ease study patient, reeeived. Briefly deseribe the purpose of eaeh. 

Emergeney measures: 

1 _ 

2 _ 

3_ 

Medieations: 

1 _ 

2 _ 

3_ 

Surgery: 

1_ 
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16. SHOW HOW WORD PARTS ARE USEP TO BLIILD WORDS RELATED TO THE HEARL 
EXERCISE 13-18 

Complete the following table by writing the eorreet word part or meaning in the spaee provided. 
Write a word that eontains eaeh word part in the “Example” column. 

Word Part Meaning Example 

1. _ ehest _ 

2. sin/o _ _ 

3. _ vessel _ 

4. eardi/o _ _ 

5. _ hmg _ 

6. _ slow _ 

7. _ rapid _ 
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Making the Connections 

The following flow ehart deals with the passage of blood through the heart. Beginning with the 
right atrmm, outline the structures a blood eell would pass through in the eorreet order by filling in 
the boxes. Use the following terms: left atrium, left ventriele, right ventriele, right AV valve, left AV 
valve, pulmonary semilunar valve, aortie semilunar valve, superior/inferior vena eava, right lung, 
left lung, aorta, left pulmonary artery, right pulmonary artery, left pulmonary veins, right pulmo- 
nary veins, body. You ean write the names of structures that encounter blood high in oxygen in red 
and the names of structures that encounter blood low in oxygen in blue. 



Optional Exercise: Make your own eoneept map based on the events of the eardiae eyele. Use the 
following terms and any others you would like to include: AV valves open, AV valves elosed, blood 
flow from atria to ventrieles, blood flow from ventrieles to arteries, atrial diastole, atrial systole, 
ventricular diastole, and ventricular systole. There will be many links between the different terms. 
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Testing Your Knovvledge 

BLIILDING IJNDERSTANDING 
I. MULTIPLE CH0ICE 

Seleet the best answer. 

1. How long does it take to eomplete an average eardiae eyele 

in an individual at rest? 1. 

a. 8 seeonds 

b. 5 seeonds 
e. 0.8 seeond 

d. 30 seeonds 

2. Which of these terms deseribes the volume of blood pumped by 

eaeh ventriele in one minute? 2. 

a. stroke volume 

b. eardiae output 

e. heart rate 

d. ejeetion rate 

3. Which of the following is NOT a part of the conduction system 

of the heart? 3. 

a. atrioventricular bundle 

b. atrioventricular valve 

e. Purkinje fibers 

d. atrioventricular node 

4. Which of these terms best deseribes an abnormally high heart rate? 4. 

a. extrasystole 

b. hypoeardia 

e. hypertension 

d. taehyeardia 

5. What is the effeet of the parasympathetie nervous system on the heart? 5. 

a. inereases heart rate but not myoeardial eontraetion strength 

b. inereases heart rate and myoeardial eontraetion strength 

e. deereases heart rate but not myoeardial eontraetion strength 

d. deereases heart rate and myoeardial eontraetion strength 

6. Which technique uses ultrasound waves to image the heart in aetion? 6. 

a. fluoroscopy 

b. eehoeardiography 

e. eleetroeardiography 

d. angiography 

7. Which vein earries blood from the eoronary circulation baek into 

the right atrium? 7. 

a. right eoronary artery 

b. interatrial septum 

e. pulmonary vein 
d. eoronary sinus 
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8. Which heart layer is formed of muscle tissue? 

a. myocardium 

b. endocardium 

c. epicardium 

d. pericardium 

9. Which membranes are separated by the perieardial spaee? 

a. the fibrous pericardium and the serous pericardium 

b. the viseeral and parietal layers of the serous pericardium 

e. the epicardium and the pericardium 

d. the myocardium and the epicardium 

10. Which heart ehamber reeeives blood from the hmgs? 

a. right ventriele 

b. left ventriele 

e. right atrium 
d. left atrium 

11. C0MPLETI0N EXERCISE 

Write the word or phrase that eorreetly eompletes eaeh sentenee. 

1. The autonomic nerve that slows the heartbeat is the_ 

2. The sae that surrounds the heart is the_ 

3. An abnormality in the rhythm of the heartbeat is a(n)_ 

4. The medieal term for high blood pressure is_ 

5. One eomplete eyele of heart eontraetion and relaxation is ealled the 

6. The fibrous threads eonneeting the AV valves to muscles in the heart wall are ealled the 


7. The right atrioventricular valve is also known as the_ 

8. Normal heart sounds heard while the heart is working are ealled_ 

9. The atrioventricular valves are elosed during the phase of the eardiae eyele known as 

ventricular_ 


8. 


9. 


10 . 
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LINDERSTANDING CONCEPTS 
I. TRLIE/FALSE 

For eaeh statement, write T for true or F for false in the blank to the left of eaeh number. If a state- 
ment is false, eorreet it by replaeing the underlined term, and write the eorreet statement in the 
blanks below the statement. 

_1. Heart rate inereases in response to parasympathetie stimulation. 


2. Women older than 50 have a(n) lower risk of eoronary heart disease eompared with men 
of the same age. 


3. A heart rate of 40 bpm is deseribed as taehyeardia . 


4. Blood in the heart ehambers eomes into eontaet with the epicardium . 


5. The aorta is part of the pulmonary circuit. 


6. Nerve impulses travel down the internodal pathways from the AV node . 


7. A heart rhythm originating at the SA node is termed a sinus rhythm. 
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II. PRACTICAL APPLICATI0NS 

Study eaeh discussion. Then write the appropriate word or phrase in the spaee provided. 

> Group A 

1. Ms. J, age 82, was partieipating in a lawn bowling tournament when she suddenly eollapsed 

with ehest pain. The paramedies were preparing her for transport to the hospital when they 
noted a sudden onset of pale skin and unconsciousness. The heart monitor showed a very rapid 
heartbeat, known as_ 

2. The paramedies administered an eleetrie shoek using an automated defibrillator with the aim of 

restoring the normal heart rhythm, which is ealled a(n)_ 

3. The paramedies suspected that she had suffered a myoeardial infaretion, eommonly known as 

a(n)_ 

4. In the hospital emergeney room, Ms. J was given intravenous medieations to dissolve any blood 

elots in her eoronary circulation. The drugs were not administered in time to prevent damage to 
the middle layer of the heart wall, which is known as the_ 

5. The eleetrieal aetivity of Ms. J’s heart was analyzed using a(n)_ 

6. Blood flow through Ms. J’s eardiae blood vessels was mapped using a eatheter, dye, and an x-ray 

maehine. This technique is known as_ 

7. This test revealed a narrowing in a braneh of her left eoronary artery that supplies the left ven- 

triele. This vessel is known as the LAD, or the_ 

8. The narrowing resulted from degenerative ehanges in her eoronary arteries, a eommon disorder 

known as_ 

> Group B 

1. Baby L has just been born. To her parents’ dismay, her skin and mucous membranes are 
tinged with blue. The obstetrieian listens to her heartbeat using an instrument ealled a(n) 


2. The doetor notiees an abnormality in the seeond heart sound (or “dup”), which is largely 

caused by the closure of the two_ 

3. These valves elose at the end of the phase of the eardiae eyele known as_. 

4. This abnormal sound probably refleets a structural problem with Baby L’s heart and is thus 

termed a(n)_ 

5. The baby is sent for a test that uses ultrasound waves to examine her heart structure. This test 

is known as a(n)_ 

6. A hole is observed between the two lower ehambers of her heart. These ehambers are eollee- 

tively known as the_ 
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III. SHORT ESSAY 


1. Although the heartbeat originates within the heart itself, it is influenced by faetors in the inter- 
nal environment. Deseribe some of these faetors that ean affeet the heart. 


2. List, in order, all of the vessels, ehambers, and valves a blood eell will encounter as it enters the 
heart from the lower limbs and then exits the heart heading toward the lungs. Begin with 
the vessel that drains into the heart, and end with the vessel that reeeives blood pumped from 
the heart. 


CONCEPTUAL THINKING 


1. Atropine is a drug that inhibits aetivity of the parasympathetie nervous system. Discuss the 
effeets of atropine on the heart. How does the parasympathetie nervous system affeet the heart, 
which aspeets of heart function will be affeeted, and which will be unaffected? 


2. Mr. J is undertaking a gentle exercise program, primarily involving walking, to lose weight. His 
heart rate is 100 bpm, and his stroke vohrnre is 75 mL. What is his eardiae output in liters, and 
what does eardiae output mean? 
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Expanding Your Horízons 

How low ean you go? You may have heard of the exploits of free divers, who dive to tremendous 
depths without the aid of scuba equipment. The world reeord for assisted free diving is held by 
Pipin Ferreras, who dove to 170 m (558 ft) with the aid of a sled. Free diving is not without its dan- 
gers. Pipiris wife Audrey died during a world reeord attempt. Free diving is faeilitated by the dive 
reflex, which allows mammals to hold their breath for long periods of time underwater. Immersing 
one’s faee in eold water induces bradyeardia and diverts blood away from the periphery. How would 
these modifieations inerease the ability to free dive? You ean learn more about the underlying 
meehanisms, rationale, and dangers of the dive reflex by performing a website seareh for “dive 
reflex.” Information is also available in the artiele listed below. 

■ Hurwitz BE, Furedy JJ. The human dive reflex: An experimental, topographieal, and physiologieal analysis. Physiol Behav 

1986 ; 36 : 287 - 294 . 



0 ve rvi e w 


The blood vessels are elassified as 
arteries, veins, or eapillaries aeeording 
to their respeetive functions. Arteries 
earry blood away from the heart, 
veins return blood to the heart, and 
eapillaries are the site of gas, nutri- 
ent, and waste exchange between the 
blood and tissues. Small arteries are 
ealled arterioles, and small veins are 
ealled venules. The walls of the arter- 
ies are thieker and more elastie than 
are the walls of the veins in order to 
withstand higher pressure. All vessels 
are lined with a single layer of sim- 
ple epithelium ealled endothelium. 
The smallest vessels, the eapillaries, 
are made only of this single layer of 
eells. The exchange of fluid between 
eapillaries and interstitial spaees is 
infhieneed by blood pressure, which 
pushes fluid out of the eapillary, and 
osmotie pressure, which draws fluid 
baek in. Blood pressure is regulated 
over the short term by the eardiae 
output and the total peripheral resis- 
tanee. Long-term ehanges in overall 
blood volume and in the length and 
eomplianee of the blood vessels also 
alter blood pressure. 

The vessels earry blood through 
two circuits. The pulmonary circuit 
transports blood between the heart 
and the hmgs for gas exchange. The 
systemie circuit distributes blood 
high in oxygen to all body tissues and 
returns the blood low in oxygen to the 
heart. 

The walls of the vessels, espeeially 
those of the small arteries, eontain 
smooth muscle that is under the eon- 
trol of the invohmtary nervous system. 
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Inereased eontraetion of the mitsele narrows the vessel’s lumen (opening); relaxation has the 
opposite effeet. By eontrolling vascular smooth muscle eontraetion, the autonomic nervous sys- 
tem ean modulate blood pressure and blood distribution. Inereasing the lumen diameter, a pro- 
eess known as vasodilation, reduces blood pressure if it occurs in many blood vessels at onee. 
Vasodilation of a particular blood vessel inereases the blood supply to the region supplied by the 
vessel. Vasoeonstrietion, or deereasing the lumen diameter, has the opposite effeets. 

A negative feedbaek loop maintains blood pressure at relatively eonstant levels. Baroreeeptors 
aet as sensors, the eardiae eontrol eenter of the brain stem aets as the integrator, and ehanges in 
heart rate and eontraetion strength and in blood vessel diameter function as effeetors. 

Several forees work together to drive blood baek to the heart in the venous system. Contraction 
of skeletal muscles eompresses the veins and pushes blood forward, valves in the veins keep 
blood from flowing backward, and ehanges in intrathoraeie pressure that occur during breathing 
help drive blood baek to the heart. 
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Addressing the Learning Objeetives 

1. DIFFERENTIATE AMONG THE FIVE TYPES OF BLOOD VESSELS WITH REGARD TO 
STRUCTURE AND FUNCTION. 

EXERCISE 14-1: Seetions of Small Blood Vessels (Text Fig. 14-2) 

1. Write the names of the different vessel types on lines 1 to 5. 

2. Write the names of the different vascular layers on the appropriate numbered lines (6 to 9) in 
different eolors. Write the name of structure 10 in blaek. 

3. Color the structures on the diagram with the eorresponding eolors (except for structure 10). 

4. Draw an arrow in the box to indieate the direetion of blood flow. 



1 . 

2 . 

3. 

4. 

5. 


6 . 

7. 

8 . 

9. 

10. 
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EXERCISE 14-2 

Write the appropriate term in eaeh blank from the list below. 
artery eapillary vein venule arteriole 

1. A small vessel through which exchanges between the blood and 
the eells take plaee 

2. A vessel that reeeives blood from the eapillaries 

3. A vessel that branehes off the aorta 

4. A small vessel that delivers blood to the eapillaries 

5. A vessel that reeeives blood from venules and delivers it to the 
heart 
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2. COMPARE THE PIILMONARY AND SYSTEMK CIRCUITS RELATIVE TO LOCATION 
AND FUNCTION. 

EXERCISE 14-3: The Cardiovascular System (Text Fig. 14-1) 

1. Label the indieated parts. 

2. Color the blood high in oxygen red and the blood low in oxygen blue. 

3. Use arrows to show the direetion of blood flow. 
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3. NAME THE FOUR SECTIONS OF THE AORTA, AND LIST THE MAIN BRANCHES OF EACH 
SECTION. 

EXERCISE 14-4: Aorta and Its Branehes (Text Fig. 14-4) 

1. Write the names of the aortie seetions on lines 1 to 4 in different eolors, and eolor the appropri- 
ate structures on the diagram. Although the aorta is continuous, lines have been added to the 
diagram to indieate the boundaries of the different seetions. 

2. Write the names of the aortie branehes on the appropriate lines 5 to 22 in different eolors, and 
eolor the eorresponding artery on the diagram. Use the same eolor for structures 8 and 9 and 
for structures 7 and 10. Use blaek for structure 15 because it will not be eolored. Color all of 
the arteries, even if only one is labeled (e.g., bullet 11). 



© 
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4. TRACE THE PATHWAY OF BLOOD THROLIGH THE MAIN ARTERIES OF THE UPPER 
AND LOWER LIMBS. 

EXERCISE 14-5: Prindpal Systemie Arteries (Text Fig. 14-5) 

1. Write the names of the prineipal systemie arteries on the appropriate lines using eolored felt-tip 
markers. Use blaek to list the three branehes of the vessel 14 in lines 15-17 in any order. They 
will not be eolored. 

2. Outline the arteries on the diagram with the appropriate eolors. If appropriate, eolor the left and 
right versions of eaeh artery. 
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EXERCISE 14-6 

Write the appropriate term in eaeh blank from the list below. Not all terms will be used. 
eoronary arteries earotid arteries himbar arteries eommon iliae arteries phrenie arteries 

intereostal arteries ovarian arteries renal arteries suprarenal arteries braehial arteries 

1. Paired branehes of the abdominal aorta that supply the 

diaphragm _ 

2. The vessels that braneh off the aseending aorta and supply the 

heart muscle _ 

3. The large, paired branehes of the abdominal aorta that supply 

blood to the kidneys _ 

4. The vessels formed by final division of the abdominal aorta _ 

5. The vessels that supply the head and neek on eaeh side _ 

6. The paired arteries that braneh into the radial and ulnar arteries _ 

7. A group of paired vessels that extend between the ribs _ 

8. Paired branehes of the abdominal aorta that extend into the 

abdominal wall musculature _ 

EXERCISE 14-7 

Write the appropriate term in eaeh blank from the list below. Not all terms will be used. 
aseending aorta aortie areh thoraeie aorta abdominal aorta 

braehioeephalie artery eeliae tmnk hepatie artery 

1. The short artery that branehes into the left gastrie artery the 

splenie artery, and the hepatie artery _ 

2. A large vessel found within the perieardial sae _ 

3. The portion of the aorta supplying the upper extremities, neek, 

and head _ 

4. The large vessel that branehes into the right subclavian artery 

and the right eommon earotid artery _ 

5. The most inferior portion of the aorta _ 

6. The vessel supplying oxygen-rich blood to the liver _ 
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5. DEFINE ANASTOMOSIS, CITE ITS FUNCTI0N, AND GIVE F0UR EXAMPLES OF 
ANASTOMOSES. 

EXERCISE 14-8: Prineipal Systemie Arteries of the Head (Text Fig. 14-6) 

1. Write the names of the anastomosis on line 3 in blaek. 

2. Write the names of the arteries in the appropriate boxes in different, preferably darker, eolors. 
Felt-tip pens would work well for this exercise. You need to write in the number for the two 
empty boxes in the lower diagram based on the number of the same vessel in the upper diagram. 

3. Outline the arteries on the diagram with the eorresponding eolors. Use a eolored dot for 
structure 12. 
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EXERCISE 14-9 

Write the appropriate term in eaeh blank from the list below. 
mesenterie areh arcuate artery eerebral arterial eirele 

basilar artery anastomosis superficial palmar areh 

1. A general term deseribing a communication between 

two blood vessels _ 

2. An anastomosis between vessels supplying the intestines _ 

3. An anastomosis under the eenter of the brain formed 

by two internal earotid arteries and the basilar artery _ 

4. The vessel formed by the union of the two vertebral arteries _ 

5. A vessel formed by the union of the radial and ulnar arteries _ 

6. An arterial areh in the foot _ 

6. C0MPARE SUPERFICIAL AND DEEP VEINS, AND GIVE EXAMPLES OF EACH TYPE. 
EXERCISE 14-10 

Fill in the blank after eaeh vein—is the vein deep (D) or superhcial (S)? 

1. Saphenous vein _ 

2. Basilie vein _ 

3. Braehial vein _ 

4. Femoral vein _ 

5. Jugular vein _ 
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7. NAME THE MAIN VESSELS THAT DRAIN INTO THE SUPERI0R AND INFERIOR 
VENAE CAVAE. 

EXERCISE 14-11: Prindpal Systemie Veins (Text Fig. 14-7) 

1. Write the names of the prineipal systemie veins on the appropriate lines using eolored felt-tip 
markers. 

2. Outline the veins on the diagram with the appropriate eolor. 
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EXERCISE 14-12 

Write the appropriate term in eaeh blank from the list below. Not all terms will be used. 
braehioeephalie vein subclavian vein internal jugular vein external jugular vein 
azygos vein lumbar vein superior vena eava inferior vena eava 

1. The vein that drains the area supplied by the earotid artery _ 

2. The vein that reeeives blood from the faeial artery and the 

eranial venous sinuses _ 

3. Two of these veins merge to form the superior vena eava _ 

4. The two jugular veins empty direetly into this vein _ 

5. An unpaired vein eolleeting blood from the ehest wall region _ 

6. All of the blood draining from the upper body will pass 

through this vein _ 

7. One of four pairs of veins draining the dorsal part of the tmnk _ 

EXERCISE 14-13 

Write the appropriate term in eaeh blank from the list below. 
eephalie vein saphenous vein median cubital vein braehial vein 
gastrie vein femoral vein eommon iliae vein 

1. This vein drains direetly into the inferior vena eava _ 

2. The longest vein _ 

3. A deep vein of the upper limb _ 

4. A deep vein of the thigh _ 

5. A vein frequently used for removing blood for testing because 

of its loeation near the surface at the front of the elbow _ 

6. The lateral superficial vein of the upper limb _ 

7. A vein that drains the stomaeh and empties into the hepatie 

portal vein _ 
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8. DEFINE VENOUSSINUS , AND GIVE F0UR EXAMPLES OF VEN0US SINUSES. 

EXERCISE 14-14: Veins of the Head and Neek and the Cranial Sinuses (Text Fig. 14-8) 

1. Write the names of the eranial veins and sinuses on the appropriate lines using eolored felt-tip 
markers. 

2. Outline the vessels on the diagram with the eorresponding eolors. 



EXERCISE 14-15 

Write the appropriate term in eaeh blank from the list below. Not all terms will be used. 
eoronary sinus transverse sinus superior sagittal sinus 

inferior sagittal sinus straight sinus 

1. One of two sinuses that drains direetly into an internal 

jugular vein _ 

2. The ehannel that merges with the straight sinus _ 

3. The ehannel loeated in the fissure between the two hemispheres 

that ends at the confluence of sinuses _ 

4. The ehannel that reeeives blood from most of the veins of the 

heart wall _ 
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9. DESCRIBE THE STRUCTURE AND FUNCTI0N OF THE HEPATIC PORTAL SYSTEM, 

EXERCISE 14-16: Hepatie Portal Circulation (Text Fig. 14-9) 

Label eaeh of the indieated parts. 



10. EXPLAIN THE F0RCES THAT AFFECT EXCHANGE ACR0SS THE CAPILLARY WALL. 
EXERCISE 14-17 

Write the appropriate term in eaeh blank from the list below. 
diffusion filtration pressure osmotie pressure 

1. A foree that pushes water out of the eapillary _ 

2. A foree that moves a substance down its eoneentration 

gradient _ 

3. A foree that draws water into the eapillary _ 
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11. DESCRIBE FIVE FACT0RS THAT REGLILATE BLOOD FL0W, 
EXERCISE 14-18 

Write the appropriate term in eaeh blank from the list below. 
vasomotor eenter vasodilation vasoeonstrietion 

preeapillary sphineter valve 

1. Structure that prevents blood from moving backward in 
the veins 

2. A structure that regulates blood flow into an individual 
eapillary 

3. The ehange in a blood vessel’s internal diameter caused by 
smooth muscle eontraetion 

4. An inerease in a blood vessel’s internal diameter 

5. A region of the medulla oblongata that eontrols eontraetion 
of the smooth muscle in blood vessel walls 


12. DEFINE PUL.SE, AND LIST SIX FACT0RS THAT AFFECT PULSE RATE, 

EXERCISE 14-19 

Fill in the blank after eaeh of the following situations—will the pulse rate most likely inerease (I) 
or deerease (D)? 

1. A newborn baby grows older _ 

2. An adult falls asleep _ 

3. Thyroid gland seeretion inereases _ 

4. A teenager rans to eateh a bus _ 

5. A ehild gets a fever _ 
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13> LIST F0UR FACT0RS THAT AFFECT BLOOD PRESSURE, 

EXERCISE 14-20 

Fill in the blank after eaeh of the following events—will the blood pressure most likely inerease (I) 
or deerease (D)? 

1. Deereased eardiae output _ 

2. inereased blood thiekness _ 

3. Reduced volume of blood ejeeted from the heart per heartbeat _ 

4. Deereased vessel eomplianee (from atheroselerosis, for example) _ 

5. Uncontrolled bleeding _ 

6. inereased heart rate _ 

7. Vasoeonstrietion _ 

14. EXPLAIN THE ROLE 0F BAR0RECEPT0RS IN C0NTR0LLING BL00D PRESSURE, 
EXERCISE 14-21 

The following list outlines the negative feedbaek loop eontrolling blood pressure. It deseribes how 
the body reaets to deereased blood pressure; however, the steps are out of sequence and are also 
missing some terms. Use Figure 14-13 in your textbook to help you eomplete this exercise. You 
may hnd it easier to eomplete part 2 before part 1, or to do the two parts simultaneously. 

Part 1: Fill in the missing terms in the steps by writing inereases (or inerease) or deereases 
(or deerease) in the numbered blanks. The hrst one has been done for you. 

Part 2: Put the steps in the proper sequence by writing the appropriate step number from 1 to 8 in 
the blanks provided. Step 1 is already indieated for you. 

_a. As a result of ehanges in the heart and blood vessels, peripheral resistanee and eardiae 

output both (1) inereases . 

_b. In a homeostatie response, blood pressure (2)_ 

_e. The vasomotor eenter responds to the altered sensory input from the baroreeeptors by 

altering the aetivity of the autonomic nervous system. 

_d. The degree of arteriolar vasoeonstrietion (3)_, the heart rate (4)_, 

and the eontraetion strength of ventrieles (5)_ 

_e. The firing rate of sympathetie motor nerves innervating the heart and arterioles (6) 
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_ f. The signal frequency from baroreeeptors traveling along autonomic sensory nerves (7) 

■ . • 

_g. The firing rate of baroreeeptors (8)_ 

1 h. Bleeding (9)_arterial blood volume and blood pressure. 

15, EXPLAIN H0W BLOOD PRESSURE IS C0MM0NLY MEASLIRED, 

EXERCISE 14-22 

Write the appropriate term in eaeh blank from the list below. Not all terms will be used. 
viseosity systolie pressure diastolie pressure stethoseope 

hypotension sphygmomanometer osmolarity hypertension 

1. Term for the blood pressure reading taken after ventricular 

relaxation _ 

2. An instrument that is used to measure blood pressure _ 

3. Term for blood pressure measured after heart muscle 

eontraetion _ 

4. A term that deseribes the thiekness of a solution _ 

5. An abnormal inerease in blood pressure _ 

6. An abnormal deerease in blood pressure _ 

7. The instrument used to hear ehanges in blood flow during the 

manual measurement of blood pressure _ 

16. BASED ON THE OPENING CASE STUDY, DISCUSS THE DANGERS OF THROMBOSIS, 

AND DESCRIBE ONE APPR0ACH TO ITS TREATMENT. 

EXERCISE 14-23 

In the ease study joeelyn’s doetor was worried that the blood elot in her popliteal vein might travel 
to her hrngs. In the lines below, list all of the vessels and heart ehambers that the embohts would 
encounter on its journey from the popliteal vein to the pulmonary artery. 
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17. SH0W H0W W0RD PARTS ARE USED TO BUILD W0RDS RELATED TO THE BLOOD 

VESSELS AND CIRCULATION. 

EXERCISE 14-24 


Complete the following table by writing the eorreet word part or meaning in the spaee provided. 
Write a word that eontains eaeh word part in the “Example” column. 


Word Part 

1 _ 

2. eost/o 

3_ 

4. hepat/o 

5. eephal/o 

6 . _ 

7 _ 

8 _ 

9. sphygm/o 

10. eeli/o 


Meaning 

foot 


mouth 


stomaeh 

arm 

intestine 


Example 
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Making the Connections 

The following eoneept map deals with the measurement and regulation of blood pressure. Eaeh pair 
of terms is linked together by a eonneeting phrase into a sentenee. The sentenee should be read in 
the direetion of the arrow. Complete the eoneept map by hlling in the appropriate term or phrase. 
There is one right answer for eaeh term. However, there are many eorreet answers for the eonneet- 
ing phrases (3 and 9). 


Blood pressure 


measured by an 
instmment ealled a(n) 


o 


o 


systolie pressure 


is determined 

by 


the lowest 
value is the 


o 


e 


eomplianee/ 
elastieity 


t 


vvhieh is 
substantially 
reduced by 


0 


t 



hemorrhage 


which is the 
product of 


0 



0 



measured 

in 



is determined 

by 


blood thiekness, 
known as 





0 


blood vessel 


blood vessel 



length 


diameter 







widens in 


Optional Exercise: Make your own eoneept map based on the how of blood from the left ventriele 
to the ealf muscle. It is not neeessary to include eonneeting statements between the terms. You 
ean also make how eharts based on the how of blood from the leg to the heart, or to and from the 
arm and/or head. Use the following terms and any others you would like to include: left ventriele, 
femoral, anterior tibial, aortie areh, abdominal aorta, deseending aorta, aseending aorta, popliteal, 
and external iliae. 


























































Unit 4 Circulation and Body Defense 


Testing Your Knowledge 

BLIILDING IINDERSTANDING 
I. MULTIPLE CH0ICE 

Seleet the best answer. 

1. Which of the following arteries is unpaired? 1. 

a. renal 

b. braehial 

e. braehioeephahe 

d. eommon earotid 

2. What is a preeapillary sphineter? 2. 

a. a ring of smooth muscle that regulates blood flow 

b. a dilated vein in the liver 

e. a tissue flap that prevents blood backflow in veins 

d. a valve at the entranee to the iliae artery 

3. Which of the following arteries earries blood low in oxygen? 3. 

a. pulmonary artery 

b. hepatie portal artery 

e. braehioeephalie artery 

d. superior vena eava 

4. Which of these terms deseribes a varieose vein? 4. 

a. stent 

b. embohts 

e. thrombus 

d. varix 

5. Which of these terms deseribes a foree drawing fluid baek into the 

eapillaries? 5. 

a. filtration pressure 

b. osmotie pressure 

e. hypertension 

d. vasoeonstrietion 

6. Which of the following veins is found in the lower extremity? 6. 

a. jugular 

b. braehial 

e. basilie 

d. popliteal 

7. Which of the following arteries is NOT found in the eerebral 

arterial eirele? 7. 

a. anterior eerebral 

b. posterior communicating 

e. vertebral 

d. middle eerebral 

8. Which of the following layers is found in arteries AND eapillaries? 8. 

a. smooth muscle 

b. inner tunic 

e. outer tunic 
d. middle tunic 
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9. Which of these ehanges would inerease blood pressure? 9_ 

a. narrowing the blood vessels 

b. reducing the pulse rate 
e. inereasing vasodilation 

d. deereasing blood viseosity 

10. Which of the following is NOT a subdivision of the aorta? 10._ 

a. thoraeie aorta 

b. aortie areh 

e. pulmonary aorta 

d. abdominal aorta 

11. Which two veins unite to form the inferior vena eava? 12._ 

a. gastrie veins 

b. eommon iliae veins 

e. jugular veins 

d. mesenterie veins 

II. C0MPLETI0N EXERCISE 

Write the word or phrase that eorreetly eompletes eaeh sentenee. 

1. One example of a portal system is the system that earries blood from the abdominal organs to 

the_ 

2. The inner, epithelial layer of blood vessels is ealled the_ 

3. A life-threatening eondition in which there is inadequate blood flow to all body tissues is 

■... • 

4. People whose work requires them to stand much of the time frequently suffer from dyshmetions 

in the longest vein in the body, named the_ 

5. The aorta and the venae eavae are part of the group, or circuit, of blood vessels that make up 

the_ 

6. A large ehannel that drains blood low in oxygen is ealled a(n)_ 

7. The smallest subdivisions of arteries have thin walls in which there is little eonneetive tissue 

and relatively more muscle. These vessels are_ 

8. The sensors that deteet blood pressure are ealled_ 

9. The eerebral arterial eirele is formed by a union of the internal earotid arteries and the basilar 

artery. Such a union of vessels is ealled a(n)_ 
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LINDERSTANDING C0NCEPTS 
I. TRIJE/FALSE 

For eaeh statement, write T for true or F for false in the blank to the left of eaeh number. If a state- 
ment is false, eorreet it by replaeing the underlined term, and write the eorreet statement in the 
blanks below the statement. 

_1. The anterior and posterior communicating arteries are part of the anastomosis 

supplying the brain . 


2. Contraction of the smooth muscle in arterioles would deerease blood pressure. 


3. Inereased blood pressure would deerease the amount of fluid leaving the eapillaries. 


4. The external iliae artery continues in the thigh as the femoral artery. 


5. The transverse sinuses reeeive most of the blood leaving the heart. 


6. Sinusoids are found in the kidney . 


7. When blood pressure inereases, the firing rate of baroreeeptors inereases . 


8. Cardiac output is equal to the pulse rate x peripheral resistanee . 


9. The inner tunic of all blood vessels is eomposed of muscle tissue . 


10. The braehioeephalie artery supplies the left arm. 
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II. PRACTICAL APPLICATIONS 

Study eaeh discussion. Then write the appropriate word or phrase in the spaee provided. 

> Group A 

Ms. S, aged 68, was admitted to the hospital suffering from light-headedness and mental confusion. 

1. Physieal examination showed a narrowing of a large artery on the side of the neek that earries 

blood to the brain. This artery is the_ 

2. Small amounts of blood could still reaeh Ms. S’s brain through the two vertebral arteries. These 

join at the base of the brain to form a single artery ealled the_ 

3. Despite the impaired blood supply, blood could still aeeess all parts of Ms. S’s brain because 
blood could pass through the eerebral arterial eirele. This eonneeting vessel is an example of 

a(n)_ 

4. Connecting vessels also link the arteries supplying the intestinal traet. These eonneeting vessels 

are eolleetively ealled the_ 

> Group B 

1. Ms. L, aged 42, had her blood pressure examined during a routine physieal. Her pressure 

reading was 165/100. Her diastolie pressure is_ 

2. The physieian was very alarmed by the finding and immediately preseribed a dmg to reduce 
the production of an enzyme produced in the kidneys that aets to inerease blood pressure. This 

enzyme is ealled_ 

3. Further tests showed evidenee of artery disease in several of the larger vessels. One area involved 

was the first portion of the aorta, ealled the_ 

4. The first braneh of the aortie areh was also damaged. This short vessel is the 


5. The damage refleets the accumulation of fatty material in the vessel walls. The resulting rough- 
ness of the arterial wall ean cause potentially fatal blood elots to form. The damaged, innermost 

layer of the arterial wall is known as the_ 
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III. SHORT ESSAYS 


1. Explain the purpose of vascular anastomoses. 


2. What is the function of the hepatie portal system, and what vessels contribute to this system? 


3. List the vessels a drop of blood will encounter traveling from deep within the left thigh to the 
right atrrnm. Refer to the One Step at a Time box in the textbook for assistanee. 


4. Oompare the structure and function of veins to those of arteries. Give at least three differenees. 


CONCEPTUAL THINKING 


1. Mr. B, aged 19, just drank a large bottle of soda. The resulting inerease in his blood volume 
inereased his blood pressure. Deseribe the negative feedbaek loop that will bring his blood 
pressure baek to homeostatie levels. Use the following terms in your explanation: baroreeep- 
tors, sensory nerves, vasomotor eontrol eenter, sympathetie motor nerves, arterioles, heart rate, 
stroke volume, eardiae output, resistanee, and blood pressure. 


2. Ms. J has a blood pressure reading of 145/92 mm Hg. A. What is her systolie pressure? B. What 
is her diastolie pressure? C. Is this reading higher or lower than normal? 
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Expandìng Your Horízons 

Eat, drink, and have happy arteries. Eat more hsh. Eat less hsh. Drink wine. Do not drink wine. 
And then there’s ehoeolate. We reeeive eonhieting messages about the effeet of different foodstuffs 
on arterial health. The following artieles discuss some of these elaims. 


■ Covington MB. Omega-3 fatty aeids. Am Fam Physieian 2004;70:133-140. 

■ Klatsky AL. Drink to your health? Sei Am 2003;288:74-81. 

■ Ried K, Sullivan TR, Fakler P, et al. Effeet of eoeoa on blood pressure. Cochrane Reviews (2012), Issue 8. Summary 
available at: http://summaries.cochrane.org/CD008893/effect-of-cocoa-on-blood-pressure 



0 ve rvi e w 


Lymph is the watery flrnd that flows 
within the lymphatie system. It origi- 
nates from the tissue flmd that is 
found in the minute spaees around 
and between the body eells. The fluid 
moves from the lymphatie eapillar- 
ies through the lymphatie vessels and 
then to the right lymphatie duct and 
the thoraeie duct. These large termi- 
nal ducts drain into the subclavian 
veins, adding the lymph to blood that 
is returning to the heart. Lymphatie 
eapillaries resemble blood eapillaries, 
but they begin blindly, and larger gaps 
between the eells make them more 
permeable than blood eapillaries. The 
larger lymphatie vessels are thin walled 
and delieate; like some veins, they have 
valves that prevent backflow of lymph. 

The lymph nodes, which are the sys- 
tem’s hlters, are eomposed of lymphoid 
tissue. These nodes remove impurities 
and house and proeess lymphoeytes, 
eells aetive in imrmmity. Chief among 
them are the eervieal nodes in the 
neek, the axillary nodes in the armpit, 
the traeheobronehial nodes near the 
traehea and bronehial tubes, the mes- 
enterie nodes between the peritoneal 
layers, and the inguinal nodes in the 
groin. 

In addition to the nodes, there are 
several lymphoid organs with some- 
what different hmetions. For instanee, 
the thymus is essential for develop- 
ment of the irnimme system during 
early life. The spleen has numerous 
functions, such as: destroying worn- 
out red blood eells; serving as a reser- 
voir for blood; and producing red blood 
eells before birth. Mucosa-associated 
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lymphoid tissue (MALT) helps prevent mieroorganisms that aeeess the respiratory and digestive 
traets from invading deeper tissues. MALT includes the tonsils, the appendix, and Peyer patehes 
of the intestine. 

Although the body is eonstantly exposed to pathogenie organisms, infeetion develops relatively 
rarely. This is because the body has many Cí lines of defense” against pathogenie invasion. Our innate 
defenses are the hrst lines of defense, proteeting us from all foreign substances. The intaet skin 
and mucous membranes serve as meehanieal barriers, as do eertain reflexes such as sneezing and 
coughing. Body seeretions wash away impurities and may kill baeteria as well. By the proeess of 
inflammation, the body tries to get rid of an irritant or to minimize its harmful effeets. Phagoeytes 
and natural killer (NK) eells aet nonspeeiheally to destroy invaders. Interferon ean limit viral 
infeetions. Fever boosts the immune system and inhibits the growth of some organisms. 

The ultimate defense against disease is adaptive immunity, the means by which the body resists 
or overeomes the effeets of a particular disease or other harmful agent. These defenses involve reae- 
tions between foreign substances or antigens and the white blood eells known as lymphoeytes. 
The T eells (T lymphoeytes) produce eell-mediated immunity. There are different types of T eells 
involved in immune reaetions: cytotoxic T eells kill infeeted body eells; helper T eells magnify 
all aspeets of the imrmrne response; regulatory T eells eontrol the response. Antigen-presenting 
eells (dendritie eells and maerophages) partieipate by presenting the foreign antigen to the T eell. 
B eells (B lymphoeytes), when stimulated by an antigen, multiply into plasma eells. These eells 
produce speeihe antibodies, which reaet with the antigen. Circulating antibodies make up the form 
of immunity termed humoral immunity. Memory eells for eaeh lymphoeyte type persist in the 
circulation long after the original antigen has been vanquished. These memory eells mount a rapid 
immune response upon subsequent antigen exposure and usually prevent infeetion. 

Immunity may be natural (acquired by transfer of maternal antibodies or by eontaet with the disease) 
or artiheial (provided by a vaeeine or an immune serum). Immunity that involves production of anti- 
bodies and memory eells by the individual is termed aetive immunity; imrmmity acquired as a result of 
the transfer of antibodies to an individual from some outside source is deseribed as passive immunity. 


Addressing the Learning Objeetives 

1. LIST THE FUNCTIONS OF THE LYMPHATK SYSTEM. 
EXERCISE 15-1 

List three ftinetions of the lymphatie system in the blanks below. 

1 ._ 

2._ 

3 . 
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EXERCISE 15-2: Lymphatie System in Relation to the Cardiovascular System 

(Text Fig. 15-1) 


1. Label the indieated parts. 

2. Color the oxygen-rich blood red, the oxygen-poor blood blue, and the lymph green. 
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2. EXPLAIN HOW LYMPHATK CAPILLARIES DIFFER FROM BLOOD CAPILLARIES> 
EXERCISE 15-3 

Fill in the blank after eaeh statement—does it apply to lymphatie eapillaries (L), blood eapillaries 
(B),or both (BOTH)? 

1. The vessel walls are constructed of a single layer of squamous epithelial eells._ 

2. The vessel walls are very permeable, permitting the passage of large proteins._ 

3. The eells in the vessel walls are ealled endothelial eells._ 

4. The gap between adjaeent eells in the vessel wall is very small._ 

5. Laeteals are one example of this type of vessel._ 

6. The vessels form a bridge between two larger vessels._ 

7. The eapillaries drain into vessels that have valves_ 

8. The vessel transports erythroeytes._ 

3. NAME THE TW0 MAIN LYMPHATK DUCTS AND DESCRIBE THE AREA DRAINED 
BY EACH, 

EXERCISE 15-4 

Fill in the blank after eaeh region—will the lymph drain into the right lymphatie duct (R) or the 
thoraeie duct (T)? 

1. Left hand_ 

2. Right hand_ 

3. Right breast_ 

4. Left breast_ 

5. Left leg_ 

6. Right leg_ 
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4. NAME AND GIVE THE L0CATI0NS OF FIVE TYPES OF LYMPHATK TISSUE, AND LIST 
THE FUNCTIONS OF EACH. 

EXERCISE 15-5: Lymphatie System (Text Fig. 15-3) 

Label the indieated parts, and fill in the appropriate number for the blank bullets (the same struc- 
ture is labeled elsewhere in the diagram). 



1 . 

2 . 

3 . 

4 . 

5 . 

6 . 

7 . 

8 . 


Q 

17 

10 

18 

11 

1Q. 

12 

20 

13 

21 

14 

22 

15 

23 

16 . 

24 . 
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EXERCISE 15-6 

Write the appropriate term in eaeh blank from the list below. 
laeteal superficial mesenterie nodes eervieal nodes 

deep inguinal nodes axillary nodes 

1. The nodes that filter lymph from the lower extremities and the 

external genitalia _ 

2. The lymph nodes loeated in the armpits _ 

3. Term for lymphatie vessels loeated near the body surface _ 

4. The lymph nodes found between the two peritoneal layers _ 

5. A speeialized vessel in the small intestine wall that absorbs 

digested fats _ 

6. The lymph nodes loeated in the neek that drain eertain parts 

of the head and neek _ 

EXERCISE 15-7 

Write the appropriate term in eaeh blank from the list below. 

lymphatie eapillary right lymphatie duct ehyle lymph 

valve subclavian vein thoraeie duct eisterna ehyli 

1. The temporary storage area formed by an enlargement of the 

first part of the thoraeie duct _ 

2. The fluid formed when tissue fluid passes from the intercellular 

spaees into the lymphatie vessels _ 

3. The large lymphatie vessel that drains lymph from below the 

diaphragm and from the left side above the diaphragm _ 

4. The milky-appearing fluid that is a eombination of fat globules 

and lymph _ 

5. Structure that prevents backflow of fluid in lymphatie vessels _ 

6. Blind-ended, thin-walled vessel that absorbs excess tissue fluid 

and proteins _ 
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EXERCISE 15-8: Lymph Node (Text Fig. 15-4A) 



EXERCISE 15-9: Loeation of Lymphoid Tissue (Text Fig. 15-5) 

1. Write the names of the different lymphoid 
organs on the nmnbered lines in different 
eolors. (Structure 6 is not a lymphoid organ). 

2. Color the structures on the diagram with the 
eorresponding eolors. 


1 . 

2 . 

3. 

4 . 

5. 

6 . 

7. 
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EXERCISE 15-10 

Write the appropriate term in eaeh blank from the list below. 
germinal eenter trabeculae spleen Peyer pateh 

palatine tonsil lingual tonsil pharyngeal tonsil thymus 

1. An oval lymphoid body loeated at the side of the soft palate 

2. The organ that filters blood and is loeated in the upper left 
quadrant (left hypoehondriae region) of the abdomen 

3. A mass of lymphoid tissue at the baek of the tongue 

4. The mass of lymphoid tissue loeated in the pharynx behind 
the nose and eommonly ealled the adenoids 

5. The organ in which T eells mature 

6. The indented area of a lymph node where efferent lymphatie 
vessels exit the node 

7. Areas of lymphoid tissue found in mucous membranes 

8. An area of lymphoid tissue speeifieally found in the small 
intestine wall 

5. DIFFERENTIATE BETWEEN INNATE AND ADAPTIVE IMMUNITY f AND GIVE EXAMPLES 
0FEACH. 

EXERCISE 15-11 

Fill in the blank after eaeh eharaeteristie—does it refer to innate immunity (I) or adaptive immu- 
nity (A)? 

1. Present at birth _ 

2. Develops after exposure to a pathogen _ 

3. Skin and saliva are examples _ 

4. Relatively nonspeeifie _ 

5. Relatively slow _ 

6. Can eompletely eliminate a pathogen from the body _ 

7. Relatively speeifie _ 

8. Can prevent future infeetions _ 


MALT 

hilum 
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6. NAME THREE TYPES OF CELLS AND THREE TYPES OF CHEMICALS ACTIVE IN THE 
SEC0ND LINE OF DEFENSE AGAINST DISEASE. 

EXERCISE 15-12 

Write the appropriate term in eaeh blank from the list below. 

toll-like reeeptor eytokine natural killer eell neutrophil 

interferon maerophage eomplement 

1. A substance that prevents multiplication of virases _ 

2. A lymphoeyte that nonspeeifieally destroys abnormal eells _ 

3. A protein of innate immune eells that helps them reeognize 

pathogens of different types _ 

4. Interleukins and interferon are examples of this elass of 

signaling molecules _ 

5. A granular leukocyte that partieipates in innate defenses _ 

6. A set of blood proteins that earry out many different 

immune aetivities _ 

7. A phagoeyte that develops from monoeytes _ 

7. BRIEFLY DESCRIBE THE INFLAMMATORY REACTI0N, 

EXERCISE 15-13 

Label eaeh of the following statements as trae (T) or false (F). 

1. Histamine is seereted by the damaged eells themselves. _ 

2. Mast eells are similar to maerophages. _ 

3. Histamine makes vessels eonstriet. _ 

4. Leukocytes actually leave the blood vessels in order to fight 

infeetion in injured tissues. _ 

5. The inflammatory exudate does not eontain any eells. _ 

8. DEFINE ANTIGEN AND ANTIBODY. 

See Exercise 15-14, below. 

9. C0MPARE AND C0NTRAST T CELLS AND B CELLS WITH RESPECT TO DEVELOPMENT 
AND TYPE OF ACTIVITY. 


See Exercises 15-14 through 15-18. 
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10, DESCRIBE THE ACTIVITIES 0F F0UR TYPES 0F T CELLS. 

EXERCISE 15-14 

Write the appropriate term in eaeh blank from the list below. 

foreign antigen antibody memory eell 

plasma eell T, eell T eell T eell 

i h reg e 

1. Any substance that provokes an immime response _ 

2. An antibody-producing eell derived from a B eell _ 

3. A eell that reduces an imrmme response by inhibiting or 

destroying aetivated lymphoeytes _ 

4. A eell that matures in the thymus and that direetly destroys a 

foreign eell _ 

5. A circulating protein also known as an immunoglobulin _ 

6. A B or T eell that ean rapidly aetivate an immune response 

when a previously encountered pathogen invades the body _ 

7. A type of T eell that produces interleukins to stimulate 

immune responses _ 

11. EXPLAIN THE ROLE 0F ANTIGEN-PRESENTING CELLS IN ADAPTIVE IMMLINITY. 
EXERCISE 15-15 

Write the appropriate term in eaeh blank from the list below. 
foreign antigen MHC protein lysosome antibody 

interleukin neutrophil dendritie eell T eell reeeptor 

1. A type of antigen-presenting eell with very long proeesses _ 

2. The organelle in maerophages that digests the foreign substance _ 

3. The part of the non-self substance that is inserted into the 

antigen-presenting eell membrane _ 

4. The self-antigen inserted into the antigen-presenting eell 

membrane _ 

5. The part of the helper T eell that binds to the antigen- 

presenting eell _ 

6. The substance released by the helper T eell after it is aetivated 

by binding to the antigen-presenting eell _ 
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EXERCISE 15-16 

List six ways by which the antigen-antibody reaetion helps the body deal with an infeetion. 

1._ 

2 ._ 

3. _ 

4. _ 

5. _ 

6 . _ 

EXERCISE 15-17 

Write the appropriate term in eaeh blank from the list below. 

IgG IgM humoral immunity 

eell-mediated immunity memory B eell plasma eell 

1. The arm of adaptive imimmity that involves antibodies _ 

2. The arm of adaptive imimmity that involves cytotoxic T eells _ 

3. The first type of antibody produced in an imimme response _ 

4. The type of B eell that produces antibodies _ 

5. The type of B eell responsible for the seeondary immune 

response _ 

6. The type of antibody produced in large amounts during the 

seeondary immune response _ 
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EXERCISE 15-18 

The diagram below illustrates B-eell aetivation and antibody production. 

First, deseribe the four steps of humoral immunity in the lines provided. Use your own words. 
Next, hll in the blank lines and bullets in the diagram. 

1. Aetivation: 


2. Primary response: 


3. Memory B-eell formation: 


4. Seeondary response: 


A 



1 * 111 * \ 


O-^Ì 2 * 
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12, DIFFERENTIATE BETWEEN NATLIRAL AND ARTIFICIAL ADAPTIVE IMMUNITY, 

See Exercise 15-19. 


13> DIFFERENTIATE BETVVEEN ACTIVE AND PASSIVE IMMUNITY> 

EXERCISE 15-19 

For eaeh of the following examples, state whether they involve aetive (ACT) or passive immunity 
(P), and natural (N) or artiheial (ART) imrmmity. 

1. Immunity resulting from exposure to a mierobial toxin._ _ 

2. Imrmmity resulting from the transfer of antibodies from mother to fetus_ 

3. Imimmity resulting from the HPV vaeeination._ 

4. Immunity resulting from the administration of antisenim._ 


14, DEFINE THE TERM VACCINE, AND GIVE THREE EXAMPLES OF VACCINE TYPES> 

See Exercise 15-20 

15, DEFINE THE TERM ANTISERUM, AND GIVE FIVE EXAMPLES 0F ANTISERA, 
EXERCISE 15-20 

Write the appropriate term in eaeh blank from the list below. 
toxoid attenuation immunization 

immune seram gamma globulin vaeeine 

1. The proeess of reducing the viralenee of a pathogen to 

prepare a vaeeine _ 

2. A toxin treated with heat or ehemieals to reduce its harmhilness 

so that it may be used as a vaeeine _ 

3. The fraetion of the blood plasma that eontains antibodies _ 

4. A proeess designed to induce an immune response against a 
particular pathogen, resulting in the acquisition of artifieial 

adaptive immunity _ 

5. When this substance is administered by a medieal professional, 

artifieial passive imrmmity results _ 
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15. LISING INFORMATION FROM THE CASE STLIDY AND THE NARRATIVE, EXPLAIN H0W 

THE BODY RIDS ITSELF OF VIRUS-INFECTED CELLS. 

EXERCISE 15-21 


Briefly explain how eaeh of the following agents helps eliminate virases. 
a. Inteferon 


b. Cytotoxic T eells 


e. Natural killer eells 


d. Helper T eells 


16. SH0W H0W W0RD PARTS ARE USED TO BUILD W0RDS RELATED TO THE 

LYMPHATK SYSTEM. 

EXERCISE 15-22 

Complete the following table by writing the eorreet word part or meaning in the spaee provided. 
Write a word that eontains eaeh word part in the Example eohtmn. 

Word Part Meaning Example 

1. _ gland _ 

2. lingu/o _ _ 

3. -oid _ _ 
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Making the Connections 

Map A 

The following eoneept map deals with the structure and hmetion of the lymphatie system. Eaeh 
pair of terms is linked together by a eonneeting phrase. Complete the eoneept map by hlling in the 
appropriate term or phrase. There is one right answer for eaeh term. However, there are many eor- 
reet answers for the eonneeting phrases (2, 4, 8). 


Lymphatie system 



I eontains blind-ended, 

thin vvalled vessels ealled 


organ that 
filters lymph 





drain into larger 
valve-eontaining 
vessels ealled 



e 




drains 
into left 



from the right upper 
quadrant drain into the 


e 


drains 
into right 



organ that 
filters blood 



thymus 
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Map B 

The following eoneept map deals with some of the proeesses involved in innate and adaptive immu- 
nity. Eaeh pair of terms is linked together by a eonneeting phrase into a sentenee. The sentenee 
should be read in the direetion of the arrow. Complete the eoneept map by hlling in the appropriate 
term or phrase. There is generally only one right answer for eaeh term. However, there are many 
eorreet answers for the eonneeting phrases (4, 5, 8, 12, 15). 


Immunity 


rapid and relatively 
nonspeeifie defenses 


o 




includes granular 
lymphoeytes ealled 


o 



o 


and 

agranular 

phagoeytes 

ealled 



o 


t 



includes a group of 
blood proteins ealled 


A 


o 


t 


inflammation 


involves a 
ehemieal ealled 


o 


t 



involves 
eells that 
mature in 
the thymus 
ealled 



o 


onee 

aetivated 

beeome 


© 


© 


t 


that seerete 
interleukins 


are 


© 


t 


seerete 

speeialized 

proteins 

ealled 


© 


t 


that 

direetly 

kill 

infeeted 
eells are 


© 


t 


Optional Exercise: Make your own eoneept map/how ehart, based on the flow of lymph from a 
body part to the left atrium. It is not neeessary to include eonneeting statements between the terms. 
For instanee, you could map the how of lymph from the right breast to the right atrium by linking 
the following terms: superior vena eava, right subclavian vein, right braehioeephalie vein, mam- 
mary vessels, axillary nodes, right lymphatie duct. 
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Testing Your Knowledge 

BLIILDING IINDERSTANDING 
I. MULTIPLE CH0ICE 

Seleet the best answer and write the letter of your ehoiee in the blank. 

1. Which tonsil is also known as the adenoids? 1. 

a. palatine 

b. lingual 

e. pharyngeal 
d lymphatie 

2. Which of the following is NOT a hmetion of the spleen? 2. 

a. destmetion of old red blood eells 

b. blood filtration 
e. blood storage 

d. ehyle drainage 

3. Where are the mesenterie nodes found? 3. 

a. in the groin region. 

b. near the traehea. 

e. between the two peritoneal layers. 

d. in the armpits. 

4. Which of these organs shrinks the most in size after puberty? 4. 

a. eisternal ehyli 

b. thymus 

e. spleen 

d. liver 

5. Which of the following is a eharaeteristie of lymphatie eapillaries but 

not blood eapillaries? 5. 

a. They eontain a thin muscular layer. 

b. They are virtually impermeable to water and solutes. 

e. They are blind-ended. 

d. They do not eontain any eells. 

6. Which of these terms deseribes the enlarged portion of the thoraeie duct? 6. 

a. eisterna ehyli 

b. right lymphatie duct 

e. hilum 

d. laeteal 

7. Which type of lymphoeyte is involved in innate immunity? 7. 

a. B eell 

b. natural killer eell 

e. memory T eell 
d. cytotoxic T eell 
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8. Which of the following deseribes an aetivity of B eells? 8. 

a. suppression of the immune response 

b. manufacture of antibodies 

e. direet destruction of foreign eells 

d. phagoeytosis 

9. Which of the following is an acquired defense against infeetion? 9. 

a. skin 

b. mucus 

e. antibodies 

d. eilia 

10. Which of these eells aets as an antigen-presenting eell? 10. 

a. dendritie eells 

b. cytotoxic T eells 

e. plasma eells 

d. neutrophils 

11. Which of these is an aetion of eomplement proteins? 11. 

a. promote inflammation 

b. attraet phagoeytes 

e. destroy eells 

d. all of the above 

12. What are interleukins? 12. 

a. substances in the blood that reaet with antigens 

b. the antibody fraetion of the blood 

e. a group of nonspeeifie proteins needed for agglutination 

d. substances released from T h eells that stimulate other leukocytes 

13. What are MHC antigens? 13. 

a. baeterial proteins 

b. foreign proteins 

e. one’s own proteins 

d. antibodies 

14. Which of the following will result in aetive immunity? 14. 

a. imimmization 

b. antiserum administration 

e. breast feeding 

d. none of the above 

15. Which of these statements about Toll-like reeeptors (TLRs) is false? 15. 

a. TLRs are found on B lymphoeytes. 

b. TLRs enable eells to differentiate between baeteria and virases 
but not between speeifie baeteria or speeifie virases. 

e. Natural killer eells use TLRs to deteet foreign antigens. 
d. Natural killer eells use TLRs to deteet cancerous eells. 
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II. C0MPLETI0N EXERCISE 

Write the word or the phrase that eorreetly eompletes eaeh sentenee. 

1. The regions within the lymph node cortex where eertain lymphoeytes multiply are ealled 

i • 

2. The milky-appearing lymph that drains from the small intestine is ealled_ 

3. The fluid that moves from tissue spaees into speeial eolleeting vessels for return to the blood 

is ealled_ 

4. Lymph from the right side of the body above the diaphragm joins the bloodstream when the 

right lymphatie duct empties into the_ 

5. The lymph nodes surrounding the breathing passageways may beeome blaek in individuals 

living in highly polluted areas. The nodes involved are the_ 

6. Nearly all of the lymph from the arm, shoulder, and breast passes through the lymph nodes 

known as the_ 

7. The spleen eontains many eells that ean engulf harmful baeteria and other foreign eells by a 

proeess ealled_ 

8. Circulating antibodies are responsible for the type of imimmity termed_ 

9. Heat, redness, swelling, and pain are eonsidered the elassie symptoms of_ 

10. Antibodies transmitted from a mother’s blood to a fetus or administered via an antiserum 

provide a type of short-term borrowed immunity ealled_ 

11. The administration of vaeeine or the aet of beeoming infeeted, on the other hand, stirmdates 

the body to produce a longer lasting type of imrmmity ealled_ 

12. The aetion of leukocytes in which they engulf and digest invading pathogens is known as 


LINDERSTANDING C0NCEPTS 
I. TRLIE/FALSE 

For eaeh question, write T for true or F for false in the blank to the left of eaeh number. If a state- 
ment is false, eorreet it by replaeing the underlined term(s) and write the eorreet statement in the 
blanks below the question. 

_1. Lymph filtered through the mesenterie nodes will drain into the thoraeie duct. 


2. One purpose of the lymphatie system is the absorption of protein from the small 


intestine. 
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3. The spleen filters lvmph and the lymph nodes filter blood. 

4. The ingiiinal nodes are found between the two layers of the peritoneum. 

5. Laeteals are a type of blood eapillary 


6. Complement is a substance that partieipates in innate body defenses exclusively 
against viruses. 

7. Cytoxotic T eells partieipate in humoral imrmmity. 

8. Any immunization proeess involving a medieal praetitioner results in artifieial 
immunity. 

9. The aetion of histamine in the inflammatory reaetion is an example of a innate defense. 

10. Immunoglobulin is another name for antigen. 

11. Interferons are released by helper T eells in order to stimulate the aetivity of other 
leukocytes. 


12. Administration of an antiserum is an example of artifieial passive immunity. 
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II. PRACTICAL APPLICATIONS 

Study eaeh discussion. Then write the appropriate word or phrase in the spaee provided. 

> Group A 

1. Ms. L traveled in Asia for two years before starting nursing sehool. During the first week of 

elasses, she notieed swelling in her right leg. She looked through her A & P textbook to try 
to identify the cause. She read that excess tissue fluid drains into small, blunt-ended vessels 
ealled_. 

2. To her alarm, she diseovered that small worms ean obstmet these vessels, causing swelling. 

She rnshed to the hospital, where the physieian palpated the small lymphoid masses found 
behind her knee. These masses are ealled the_. 

3. These masses were normal, but the lymphoid tissue masses at the top of the swollen leg were 
enlarged due to an infeeted cut in her upper thigh. These lymphoid masses are ealled the 


> Group B 

1. Mr. R stepped on a rusty nail, resulting in a deep puncture wound. When he arrived home 
2 hours later, he notieed swelling, heat, and redness in the area surrounding the painful 
wound. These elassie signs indieate the aetivities of a series of defensive proeesses ealled 


2. Many of his signs and symptoms are due to the release of a ehemieal that dilates blood 

vessels. This ehemieal is ealled_. 

3. Mr. R went to a medieal elinie for treatment. The nurse on duty asked about his 

immunization status. Another term for immunization is_. 

4. Mr. R had never been immunized against tetanus, so he was injeeted with a substance to 

neutralize harmful seeretions produced by the tetanus baeteria. These harmful seeretions are 
ealled_. 

5. The injeetion will produce a short-term form of immunity ealled_. 

III. SHORT ESSAYS 

1. Traee a lymph droplet from the interstitial fluid of the lower leg to the right atrmm, based on 
the structures shown in Figure 15-3. 


2. Discuss the role of maerophages in innate and adaptive body defenses. 
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CONCEPTUAL THINKING 


1. Ms. Y, a healthy 24-year old woman, is studying for her nursing finals. She has been sitting 
at her desk for 10 hours straight when she notiees that her legs are swollen. Use your knowl- 
edge of the lymphatie system to explain the swelling, and suggest how she ean prevent it in 
the future. 


2. Baby G was born without a thymus, but was otherwise normal. Speculate as to which 
aspeets of her immune system will be affeeted by this defieieney, and which aspeets will be 
unaffected. 


3. Mr. A stepped on a fish while beaeheombing in the South Paeifie. A spine was embedded in 
his foot, and he rapidly beeame dizzy and the foot swelled up alarmingly. Mr. A was told by a 
loeal doetor that the fish spine eontains an ineredibly potent poison and that he will be dead 
in 8 hours unless the poison is neutralized. 

A. What would be the best treatment for Mr. A—vaeeination with fish toxoid or an injeetion 
of an antitoxin? Defend your answer. 


B. What form of immunity will be induced by this treatment? 



Will Mr. A be proteeted from future encounters with this particular fish poison? Explain 
why or why not. 
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Expanding Your Horízons 

Have you or one of your friends had the kissing disease? Infectious mononucleosis, or “mono,” is 
an infeetion of lymphatie eells. It is easily transmitted between individuals living in elose eontaet 
with one another (not neeessarily by kissing) and is thus very eommon on eollege campuses. Learn 
more about this disease by reading the following artieles. 


■ Bailey RE. Diagnosis and treatment of infectious mononucleosis. Am Fam Phys 1994;49:879-888. 

■ Cozad J. Infectious monomteleosis. Nurse Praet 1996;21:14-18. 



Energy: Supply and Use 



CHAPTER 16 
CHAPTER 17 
CHAPTER 18 


CHAPTER 19 


m ► 


The Respiratory System 
The Digestive System 

Metabolism, Nutrition, and Body Temperature 
The Urinary System and Body Fluids 

























































































Overvievv 

Oxygen is taken into the body, and ear- 
bon dioxide is released by means of the 
organs and passageways of the respira- 
tory system. This system eontains the 
nasal eavities, the pharynx, the lar- 
ynx, the traehea, the bronehi, and the 
limgs. 

The proeess of respiration transfers 
oxygen from the atmosphere to body 
eells and earbon dioxide from body 
eells to the atmosphere. It inehtdes 
four stages. In terms of oxygen trans- 
fer, the hrst phase of respiration is pul- 
monary ventilation, which is normally 
aeeomplished by breathing. During 
normal, quiet breathing, air enters the 
lungs (inhalation) because the dia- 
phragm and some of the intereostal 
muscles eontraet to expand the tho- 
raeie eavity. Air leaves the lungs (exha- 
lation) when the muscles relax. Deeper 
breathing requires additional muscles 
during both inhalation and exhala- 
tion. External gas exchange transfers 
gases between the alveoli of the hrngs 
and the bloodstream. The speeialized 
meehanisms of gas transport enable 
blood to earry large amounts of oxygen 
and earbon dioxide. Finally, internal 
gas exchange transfers gases between 
the blood and the tissues. Note that the 
latter three stages of respiration involve 
the cardiovascular system. The order of 
the stages is reversed for earbon diox- 
ide transfer, which begins with internal 
gas exchange and ends with pulmonary 
ventilation. 

Oxygen is transported to the tissues 
almost entirely by the hemoglobin in 
red blood eells. Some earbon dioxide 
is transported in the red blood eells as 
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well, but most is eonverted into biearbonate ions and hydrogen ions. These hydrogen ions inerease 
the aeidity of the blood. 

Breathing is primarily eontrolled by the respiratory eontrol eenters in the medulla and the pons 
of the brain stem. These eenters are influenced by ehemoreeeptors loeated on either side of the 
medulla that respond to ehanges in the aeidity of the interstitial fluid surrounding medullary neu- 
rons. The aeidity refleets the eoneentration of earbon dioxide in arterial blood. 


Addressing the Learning Objeetives 

1. DEFINE RESPIRATION, AND DESCRIBE ITS F0UR PHASES. 
EXERCISE 16-1 

Write the appropriate term in eaeh blank from the list below. 
external gas exchange internal gas exchange gas transport 
cellular respiration pulmonary ventilation 

1. The exchange of air between the atmosphere and the alveoli 

2. The exchange of speeifie gases between the alveoli and the blood 

3. The exchange of speeifie gases between the blood and the eells 

4. This proeess involves only blood 

5. The proeess by which eells use oxygen and nutrients to generate 
energy 
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2. NAME AND DESCRIBE ALL THE STRUCTURES 0F THE RESPIRATORY SYSTEM> 
EXERCISE 16-2: Respiratory System (Text Fig. 16-2) 

Label the indieated parts. Use the same eolor for the structure and the label if you wish. 



EXERCISE 16-3: The Larynx (Text Fig. 16-3) 


1. Write the name of eaeh labeled part 
on the numbered lines in different 
eolors. 

2. Color the different parts on the dia- 
gram with the eorresponding eolors. 


1 . 

2 . 

3. 

4 . 

5. 

6 . 



Anterior view 


Posterior view 
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EXERCISE 16-4: The Lungs (Text Fig. 16-5A) 


1. Write the name of eaeh labeled part 
on the mtmbered lines in different 
eolors. TJse blaek for parts 13 and 
15, because they won’t be eolored. 
IJse bght eolors for structures 1,3, 
4, 6, and 9, and indieate whether 
eaeh is part of the left lung or the 
right lung. 

2. Color or outline the different parts 
on the diagram with the eorre- 
sponding eolors. 


1 . 

2 . 

3. 

4. 

5. 

6 . 

7. 

8 . 

9. 

10 . 

11 . 

12 . 

13. 

14. 

15. 















































306 Unit 5 Energy: Supply and Use 


EXERCISE 16-5 

Write the appropriate term in eaeh blank from the list below. Not all terms will be used. 
larynx eonehae pharynx glottis 

epiglottis nares parietal mainstem bronchus 

segmental bronchus lobar bronchus bronehiole viseeral 

1. The openings of the nose _ 

2. The three projeetions arising from the lateral walls of eaeh 

nasal eavity _ 

3. The seientifie name for the voiee box _ 

4. The leaf-shaped structure that helps prevent the entranee 

of food into the traehea _ 

5. One of the two branehes formed by division of the traehea _ 

6. The pleural layer attaehed to the lung _ 

7. The area below the nasal eavities that is eommon to both the 

digestive and respiratory systems _ 

8. A small air-conducting tube eontaining a smooth muscle layer 

but little or no eartilage _ 

9. There are three of these in the right hmg but only two in the 

left lung _ 

10. The spaee between the voeal folds _ 
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3. EXPLAIN THE MECHANISM FOR PLILMONARY VENTILATION. 
EXERCISE 16-6: A Spirogram (Text Fig. 16-8) 


Write the names of the different lung volumes and eapaeities in the boxes on the diagram. 


Lung volumes 


Spirogram 


Lung eapaeities 




EXERCISE 16-7 

Write the appropriate term in eaeh blank from the list below. Not all terms will be used. 
alveoli surfactant inhalation tidal volrnne intereostals 

exhalation eomplianee spirometer vital eapaeity 

1. The substance in the fluid lining the alveoli that prevents their 

eollapse _ 

2. The phase of pulmonary ventilation in which air is expelled 

from the alveoli _ 

3. The phase of pulmonary ventilation in which the diaphragm 

eontraets _ 

4. Subsets of these muscles ean either inerease or deerease the size 

of the thoraeie eavity _ 

5. The only respiratory structures involved in external gas 

exchange _ 

6. The amount of air inhaled or exhaled during a relaxed breath _ 

7. The ease with which the hmgs and thorax ean be expanded _ 

8. The maximum volume of air that ean be inhaled after 

maximum expiration _ 
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EXERCISE 16-8 

Label eaeh of the following statements as true (T) or false (F). 

1. Inhalation is the aetive phase of quiet breathing. _ 

2. During quiet breathing, exhalation does not require any 

muscle eontraetion. _ 

3. The diaphragm rises when it eontraets. _ 

4. The size of the thoraeie eavity deereases during inhalation. _ 

5. Atmospherie pressure is less than lung pressure during 

inhalation. _ 

6. The diaphragm relaxes during exhalation. _ 

7. Air flows most easily when the airway radius is small. _ 

8. During inhalation, air entering the lungs causes the ehange 

in lung volume. _ 

9. During inhalation, ehanges in lung volume causes air to 

enter the hrngs. _ 

4. DISCUSS THE PROCESSES OF INTERNAL AND EXTERNAL GAS EXCHANGE. 

EXERCISE 16-9 

Use the terms below to eomplete the paragraph. Note that terms may be used more than onee, and 
not all terms will be used. 

into out of body eells diffusion 

aetive transport partial pressure gradient osmotie gradient alveoli 

External gas exchange transfers gases between the (1) _ and 

blood. Oxygen moves (2) _ blood, and earbon dioxide moves 

(3) _ blood. Internal gas exchange transfers gases between 

(4) _and blood. Oxygen moves (5) _blood, 

and earbon dioxide moves (6)_blood. Gases move by the proeess of 

(7)_. Eaeh gas moves down its individual (8)_. 
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5. LIST THE WAYS IN WHICH 0XYGEN AND CARB0N DI0XIDE ARE TRANSPORTED IN 
THE BLOOD. 

EXERCISE 16-10 

Write the appropriate term in eaeh blank from the list below. Not all terms will be used. 
biearbonate ion hemoglobin earbonie anhydrase earbon dioxide 15% 

hydrogen ion oxygen 10% 75% 

1. The gas eonverted into biearbonate and hydrogen ions _ 

2. An important blood buffer produced from earbon dioxide _ 

3. The substance that earries most of the oxygen in the blood _ 

4. The gas that is more eoneentrated in the blood than in 

metabolieally aetive tissues _ 

5. An ion that renders blood more aeidie _ 

6. The proportion of total blood earbon dioxide dissolved in plasma _ 

7. The proportion of total blood earbon dioxide transported 

in the form of biearbonate _ 

8. The proportion of total blood earbon dioxide bound to plasma 

proteins and hemoglobin _ 

6. DESCRIBE FACT0RS THAT C0NTR0L RESPIRATION, 

EXERCISE 16-11 

Write the appropriate term in eaeh blank from the list below. Not all terms will be used. 
hypereapnia hydrogen ion biearbonate ion phrenie nerve vagus nerve 
medulla aortie areh earbon dioxide oxygen 

1. The loeation of the main breathing regulatory eenter _ 

2. A rise in the blood earbon dioxide level _ 

3. The loeation of a peripheral ehemoreeeptor _ 

4. The substance that aets direetly on the eentral 

ehemoreeeptors to stimulate breathing _ 

5. A rise in the arterial partial pressure of this gas stimulates 

breathing _ 

6. The nerve that eontrols the diaphragm _ 

7. DESCRIBE NORMAL AND ALTERED BREATHING PATTERNS. 


See Exercises 16-12 and 16-13. 
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8. C0MPARE HYPERVENTILATION AND HYPOVENTILATION. 

EXERCISE 16-12 

Fill in the blank after eaeh statement—does it apply to hypoventilation (HYPO) or hyperventilation 
(HYPER)? 

1. The breathing pattern that causes hypoeapnia _ 

2. The breathing pattern that does not supply enough 

fresh air to meet the body’s needs _ 

3. The breathing pattern that causes hypereapnia _ 

4. The breathing pattern that causes aeidosis _ 

5. The breathing pattern that sometimes occurs during anxiety 

attaeks _ 

EXERCISE 16-13 

Write the appropriate term in eaeh blank from the list below. 
hyperpnea hypoxia hypopnea taehypnea 

apnea hyperventilation hypoxemia 

1. An abnormal inerease in the depth and rate of breathing _ 

2. A temporary eessation of breathing _ 

3. An abnormal deerease in the depth and rate of breathing _ 

4. inereased depth and rate of breathing refleeting inereased 

aetivity levels _ 

5. An abnormally low oxygen partial pressure in arterial blood _ 

6. An abnormally low oxygen level in tissues _ 

7. inereased rate of breathing refleeting inereased aetivity levels _ 
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9. REFERRING TO THE CASE STUDY f EXPLAIN H0W ASTHMA INTERFERES WITH 
VENTILATION AND H0W IT CAN BE TREATED, 

EXERCISE 16-14 

Fill in the blanks in the following discussion referring to your textbook as needed. 

In adults, the most reliable test used to diagnose asthma is (1) _, 

which measures lung volumes and eapaeities. Emily’s spirometry test and x-ray suggest 
that her ventilatory problems result from inflammation of her small airways, known as the 

(2) _. Her history showed that she was sensitive to two eommon 

asthma triggers, (3) _ and (4) _. In order 

to reduce the inflammation, Emily was preseribed a low-dose (5) _ 

inhaler. If this medieation does not adequately eontrol her symptoms, she will start to 

take an oral medieation that inhibits inflammatory ehemieals ealled (6)_. 


10, SH0W H0W W0RD PARTS ARE USED T0 BUILD W0RDS RELATED T0 RESPIRATION, 
EXERCISE 16-15 

Complete the following table by writing the eorreet word part or meaning in the spaee provided. 
Write a word that eontains eaeh word part in the “Example” column. 


Word Part Meaning Example 

1. _ side, rib _ 

2. spir/o _ _ 

3. _ nose _ 

4. laryng/o _ _ 

5. -pnea _ _ 

6. _ earbon dioxide _ 


7. or/o 
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Making the Connections 

The following eoneept map deals with the four phases of respiration. Complete the eoneept map by 
hlling in the appropriate term or phrase. There is one right answer for eaeh term. However, there 
are many eorreet answers for the eonneeting phrase (5). 


o 


Respiration 


phase involving 
air movement 


o 



phase involving 
blood and tissues 


aetive 

phase 



external gas 
exchange 


passive 

phase 

(during 

quiet 

breathing) 


requires 
the aetion 
of this 

dome-shaped 

rrmsele 


o 


t 


o 


t 


transfers 
this gas 
from 
blood 
to air 


o 


t 


transfers 
this gas 
from air 
to blood 


o 


t 


over 99% 



of this gas 
travels in 


over 65% of this 
gas is eonverted 
into H + and 
biearbonate 


erythroeytes 


travels 
bound 
to a 
protein 
ealled 


© 


t 


the enzyme 
eatalyzing 
this reaetion 


is 


© 


t 


Optional Exercise: Make your own eoneept map based on the structures an oxygen molecule will 
pass through from the atmosphere to a tissue. Use the following terms and any others you would 
like to include: nostrils, atmosphere, nasopharynx, oropharynx, nasal eavities, laryngopharynx, 
traehea, larynx, bronehioles, blood eell, hemoglobin, plasma, tissue, bronehi, and alveoli. 
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Testìng Your Knowledge 

BLIILDING IJNDERSTANDING 
I. MULTIPLE CH0ICE 

Seleet the best answer. 

1. During which respiratory phase does earbon dioxide diffuse out of blood? 1. 

a. internal gas exchange 

b. external gas exchange 
e. pulmonary ventilation 

d. none of the above 

2. Which structure separates the right and left parts of the nasal eavity? 2. 

a. hilum 

b. eoneha 

e. bifurcation 

d. septum 

3. Which of the following terms does NOT apply to the eells that line 

the conducting passages of the respiratory traet? 5. 

a. pseudostratified 

b. eonneetive 

e. columnar 

d. eiliated 

4. Which of these ehanges would result from an inerease in blood earbon 

dioxide partial pressure? 6. 

a. fewer biearbonate ions in the blood 

b. more hydrogen ions in the blood 

e. more alkaline blood 

d. hypoeapnia 

5. What ehemieal reduces surface tension in the alveoli? 8. 

a. surfactant 

b. biearbonate 

e. exudate 

d. effusion 

6. What is the residual volume? 9. 

a. The amount of air that is always in the hmgs, even after a 
maximal expiration. 

b. The total amount of air in the hrngs after a maximal inspiration. 

e. The amount of air remaining in the lungs after a normal exhalation. 
d. The amount of air that ean be foreed out of the hrngs after a 

normal exhalation. 
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II. COMPLETION EXERCISE 

Write the word or phrase that eorreetly eompletes eaeh sentenee. 

1. The spaee between the voeal eords is ealled the_ 

2. An abnormal deerease in the depth and rate of respiration is termed_ 

3. A lower-than-normal partial pressure of oxygen in tissues is ealled_ 

4. The most inferior portion of the pharynx is ealled the_ 

5. The spaee between the lungs is ealled the_ 

6. The number of lobes in the left lung is_ 

7. The peripheral ehemoreeeptors involved in respiratory eontrol are found in the aortie areh and 

the_ 

8. Eaeh heme region of a hemoglobin molecule eontains an inorganie element ealled 

. . • 

9. The nerve that innervates the diaphragm is the_ 

LINDERSTANDING C0NCEPTS 
I. TRLIE/FALSE 

For eaeh statement, write T for true or F for false in the blank to the left of eaeh mrniber. If a state- 
ment is false, eorreet it by replaeing the underlined term, and write the eorreet statement in the 
blanks below the statement. 

_ L Hvpereapnia results in greater blood aeidity. 

_ 2. Most earbon dioxide in the blood is earried bound to hemoglobin. 

_ 3. The wall of an alveolus is made of stratified squamous epithelium. 

_ 4. During internal exchange of gases, oxygen moves down its eoneentration gradient out 

of blood. 


5. The aetivity of the respiratory eenter in the medulla ean be modified by signals from a 
nearby brain stem region known as the midbrain. 


6. The left lung is subdivided by an oblique and a horizontal fissure. 
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7. As a result of a ehronie lung disease, Ms. L’s lungs do not expand very easily. Her lungs 
are said to be more eompliant than normal. 


8. Inhaìation during quiet breathing involves muscle eontraetion. 


9. If the radius of the airways deereases, ventilation will beeome more difficult . 


10. When the diaphragm eontraets it flattens. 


II. PRACTICAL APPLICATI0NS 

Study eaeh discussion. Then write the appropriate word or phrase in the spaee provided. 

1. Ms. L’s eomplaints included shortness of breath, a ehronie cough productive of thiek mucus, 
and a “ehest eold” of two months’ duration. She was advised to quit smoking, because smok- 
ing irritates the tissue lining the airways. This tissue eonsists of a single layer of tightly 
paeked, rectangular eells that appear to be organized into multiple layers. This type of 

tissue is best deseribed as_ 

2. Symptoms in Ms. L’s ease were due in part to the obstmetion of the air saes by mucus. These 

air saes are ealled_ 

3. Ms. L was told that the mucus is not moving normally out of her airways because the toxins 
in eigarette smoke paralyze small eell extensions that beat to ereate an upward current. These 

extensions are ealled_ 

4. Ms. L’s respiratory function was evaluated by quantifying different lung volumes and eapaeities 

using a maehine ealled a(n)_ 

5. Evaluation of Ms. L’s respiratory function showed a reduction in the amount of air that could be 
moved into and out of her hrngs. The amount of air that ean be expelled by maximum exhala- 

tion following maximum inhalation is termed the_ 

6. The other abnormality in Ms. L’s evaluation was also eharaeteristie of her disease. There was an 
inerease in the amount of air remaining in her lungs after a normal expiration. This amount is 

the_ 

7. An x-ray of Ms. L’s lungs revealed large spaees indieative of alveoli destmetion. This destme- 
tion reduced the available surface area for gas movement between the alveoli and pulmonary 

blood. This phase of respiration is known as_ 
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III. SHORT ESSAYS 


1. Are limgs passive or aetive players in pulmonary ventilation? Explain. 


2. Name some parts of the respiratory traet where gas exchange does NOT occur. 


CONCEPTUAL THINKING 


1. a. Name the phase of respiration regulated by the respiratory eontrol eenter. 


b. Explain how the respiratory eontrol eenter ean alter this phase of respiration. 


c. Name the ehemieal faetor(s) that regulate(s) the aetivity of the respiratory eontrol eenter. 


2. Use the equation below to answer the following questions. 

co 2 + h 2 o <=> h 2 co 3 <^> H + + hco 3 

a. Tom is holding his breath under water. What happens to the earbon dioxide eontent of his 
blood, and how does this ehange affeet his blood aeidity? 
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b. Notiee that the arrows go in both direetions, indieating the reaetion ean proeeed in both 
direetions. If Tom eonsitmes a large amount of lemon juice, inereasing the H + eoneentration 
in his blood, what do you think will happen to the amount of C0 2 in his blood? Only eon- 
sider the equation above in your answer. 


3. Perform the following aetions as you answer the questions. 

a. Inhale as deeply as possible. Which volume do your lungs eontain: the vital eapaeity or the 
total lung eapaeity? 

b. Beginning with a maximum inhalation, exhale all of the air you ean. Which volume did you 
exhale: the vital eapaeity or the total lung eapaeity? 

e. Breathe quietly for a few minutes, and stop after a normal exhale. Which volume remains in 
your lungs: the functional residual eapaeity or the residual volume? 

d. Breathe quietly for a few minutes, and then aetively exhale all of the air you ean. Which vol- 
ume remains in your lungs: the functional residual eapaeity or the residual volume? 

4. During normal ventilation, the size of the lungs inereases and the diaphragm flattens. Which of 

these events is the cause, and which is the effeet? Follow the procedure outlined in the Chapter 

16 One Step at a Time box, and explain your reasoning. 

Step 1: Look for the faetor that the body ean direetly ehange. 


Step 2: List the steps linking the two faetors. 


Conclusion 
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Expanding Your Horízons 

Everyone would agree that oxygen is a very useful molecule. Commercial enterprises, working on 
the premise that u more is better,” market water supplemented with extra oxygen. They elaim that 
consumption of hyperoxygenated water inereases alertness and exercise performanee. Do these 
elaims make sense? Do we obtain oxygen from the lungs or from the digestive traet? A logieal 
extension of this premise is that soda pop, supplemented with earbon dioxide, would inerease 
earbon dioxide in the blood and thus inerease the breathing rate. Is this true? You ean read about 
another oxygen gimmiek, oxygen bars, on the website of the Food and Dmg Administration. 

■ Bren L. Oxygen bars: Is a breath of fresh air worth it? 2002. Available at: http://permanent.access.gpo.gov/lpsl609/www. 
fda.gov/fdac/features/2002/602_air.html 



Overvievv 


The food we eat is made available 
to eells throughout the body by the 
complex proeesses of digestion and 
absorption. These are the functions 
of the digestive system, eomposed of 
the digestive traet and the aeeessory 
organs. 

The digestive traet, eonsisting of 
the mouth, the pharynx, the esopha- 
gus, the stomaeh, and the small and 
large intestines, forms a continuous 
passageway in which ingested food is 
prepared for use by the body and waste 
products are eolleeted to be expelled 
from the body. The aeeessory organs, 
the salivary glands, liver, gallbladder, 
and panereas, manufacture and store 
various enzymes and other substances 
needed in digestion. 

Digestion begins in the mouth with 
the digestion of stareh. It continues in 
the stomaeh, where protein digestion 
begins, and is eompleted in the small 
intestine. Most absorption of digested 
food also occurs in the small intestine 
through small projeetions of the lin- 
ing ealled villi. The products of earbo- 
hydrate (monosaeeharides) and protein 
(amino aeids) digestion are absorbed 
into eapillaries, but most products of 
fat digestion (glyeerol and most fatty 
aeids) are absorbed into laeteals. The 
proeess of digestion is eontrolled by 
both nervous and hormonal meeha- 
nisms, which regulate the seeretory 
aetivity of the digestive organs and the 
rate at which food moves through the 
digestive traet. 
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Addressing the Learning Objeetives 

1. NAME THE THREE MAIN FUNCTIONS OF THE DIGESTIVE SYSTEM. 

EXERCISE 17-1 

List and deseribe the three main functions of the digestive system in the blanks below in the order 
in which they occur. 

1 _ 

2 _ 

3 _ 
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2. NAME AND LOCATE THE TWO MAIN LAYERS AND THE SUBDIVISIONS OF THE 
PERITONEUM. 


EXERCISE 17-2: Abdominopelvie Cavity and Peritoneum (Text Fig. 17-2) 

1. Write the names of the abdominal organs on the appropriate numbered lines 1 to 6 in different 
eolors. 

2. Color the organs on the diagram with the eorresponding eolors. 

3. Use eontrasting eolors to label and eolor the body eavities (structures 7 and 14). 

4. Use two eontrasting dark eolors to label and outline the two layers of the peritoneum 
(structures 8 and 9). 

5. Use three shades of yellow or brown to label and eolor the mesenteries (structures 10 to 13). 







10 . 



11 . 



12 . 



13. 



14 . 
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EXERCISE 17-3 

Write the appropriate term in eaeh blank from the list below. 
parietal peritonemn viseeral peritoneum mesentery 

mesoeolon greater omentum lesser omentum 

1. The innermost layer of the serous membrane in eontaet with 
abdominal organs 

2. The outer layer of the serous membrane lining the 
abdominopelvie eavity 

3. The subdivision of the peritoneum that eontains fat and hangs 
over the front of the intestines 

4. The subdivision of the peritoneum extending between the 
stomaeh and liver 

5. The fan-shaped portion of the peritoneum that eontains the 
vessels and nerves supplying the intestine 

6. The subdivision of the peritoneum that extends from the eolon 
to the posterior abdominal wall 
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3. DESCRIBE THE FOUR LAYERS OF THE DIGESTIVE TRACT WALL. 


Also see Exercise 17-5. 


EXERCISE 17-4: The Digestive Traet Wall (Text Fig. 17-3) 


1. Write the names of the four layers of the digestive traet wall in boxes 1 to 4 on the diagram, 
using four light eolors. Lightly shade eaeh layer with the appropriate eolor on the diagram. 

2. Write the names of the structures in the appropriate lines. 



5. 

6 . 

7. 

8 . 

9. 

10 . 


11 . 

12 . 

13. 

14. 

15. 
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4. DESCRIBE THE TWO TYPES OF MUSCULAR C0NTRACTI0NS IMPORTANT IN 
THE DIGESTIVE PROCESS> 

EXERCISE 17-5 

Write the appropriate term in eaeh blank from the list below. 

mucosa muscularis externa peristalsis segmentation 

submucosa serosa squamous epithelium simple columnar epithelimn 

1. The digestive traet layer in eontaet with the intestinal eontents _ 

2. The viseeral peritoneum attaehed to the surface of a 

digestive organ _ 

3. The layer of eonneetive tissue beneath the mucous membrane 

in the wall of the digestive traet _ 

4. The layer of the digestive traet wall that is responsible 

for peristalsis _ 

5. The type of epithelial tissue lining the esophagus _ 

6. The type of epithelial tissue lining the stomaeh _ 

7. Rhythmie eontraetions of the circular muscle layer that 

mixes food with digestive juices _ 

8. A wave of muscular eontraetion that propels food 

rapidly down the digestive traet _ 
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5. NAME AND DESCRIBE THE FUNCTIONS OF THE DIGESTIVE TRACT ORGANS. 

EXERCISE 17-6: Digestive System (Text Fig. 17-1) 

1. Label eaeh structure by writing the eorreet term in eaeh numbered blank. 

2. Draw a box around the name of eaeh structure that is part of the gastrointestinal traet and a 
eirele around the name of eaeh structure that is an aeeessory organ. 


1 . 

2 . 

3. 

4. 

5. 

6 . 

7. 

8 . 

9. 

10 . 

11 . 

12 . 

13 . 
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EXERCISE 17-7: Longitudinal Seetion of the Stomaeh (Text Fig. 17-6) 

1. Label the parts of the stomaeh, esophagus, and duodenum (parts 1 to 7). 

2. Label the layers of the stomaeh wall (parts 8 to 11). You ean use eolors to highlight the different 
muscular layers. 

3. Label the two stomaeh curvatures (labels 12 and 13). 



1 . 

2 . 

3. 

4 . 

5. 

6 . 

7. 


8 . 

9. 

10 . 

11 . 

12 . 

13 . 
































ehapter 17 The Digestive System 


EXERCISE 17-8: The Intestines (Text Fig. 17-7A, C, D) 

Label the indieated parts. Also write the names of parts 17 and 19 in the mtmbered boxes. 





















































328 


Unit 5 Energy: Supply and Use 

EXERCISE 17-9 

Write the appropriate term in eaeh blank from the list below. Not all terms will be used. 
ileum hard palate soft palate epiglottis pylorie sphineter 

LES mgae ehyme duodenum jejunum 

1. The valve between the distal end of the stomaeh and the small 

intestine _ 

2. The structure that guards the entranee into the stomaeh _ 

3. A structure that eovers the opening of the larynx during 

swallowing _ 

4. The part of the oral eavity roof that extends to form the uvula _ 

5. The final and longest seetion of the small intestine _ 

6. The seetion of the small intestine that reeeives gastrie 

juices and food from the stomaeh _ 

7. The mixture of gastrie juices and food that enters the 

small intestine _ 

8. Folds in the stomaeh that are absent if the stomaeh is full _ 

EXERCISE 17-10 

Write the appropriate term in eaeh blank from the list below. 

villi teniae eoli cecum transverse eolon 

vermiform appendix laeteal rectum ileoeeeal valve 

1. The part of the large intestine just proximal to the anus _ 

2. The small blind tube attaehed to the first part of the large 

intestine _ 

3. The sphineter that prevents food moving from the large 

intestine into the small intestine _ 

4. Finger-like extensions of the mucosa in the small intestine _ 

5. A blind-ended lymphatie vessel that absorbs fat _ 

6. Bands of longitudinal muscle in the large intestine _ 

7. The portion of the large intestine that extends aeross the 

abdomen _ 


8. The most proximal part of the large intestine 
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6. NAME AND LOCATE THE DIFFERENT TYPES OF TEETH. 

EXERCISE 17-11: The Mouth (Text Fig. 17-5A) 

1. Write the names of the teeth on the appropriate lines 1 to 6 in different eolors. Use the same 
eolor to label parts 5 and 6. 

2. Color all of the teeth with the eorresponding eolors. 

3. Label the other parts of the mouth. 
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EXERCISE 17-12: A MolarTooth (Text Fig. 17-5B) 

1. Write the names of the two divisions of a tooth in the nmnbered boxes. 

2. Write the names of the parts of the tooth and gums on the appropriate numbered lines in differ- 
ent eolors. Use the same eolors for parts 3 and 4, and for 6 and 7. Use a dark eolor for structure 
8, because it will be outlined. 



EXERCISE 17-13 

Write the appropriate term in eaeh blank from the list below. Not all terms will be used. 
deglutition mastieation ineisors enamel periodontal ligament 

deciduous cuspids dentin gingiva cementum 

1. Term that deseribes the baby teeth, based on the faet that they 

are lost _ 

2. The proeess of chewing _ 

3. The aet of swallowing _ 

4. The medieal term for the gum _ 

5. The eight cutting teeth loeated in the front part of the oral eavity _ 

6. A ealeified substance making up most of the tooth structure _ 

7. The fibrous eonneetive tissue joining the tooth to the tooth soeket _ 

8. The ealeified substance eoating the tooth _ 
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7. NAME AND DESCRIBE THE FUNCTIONS OF THE ACCESSORY ORGANS OF DIGESTION. 

EXERCISE 17-14: Aeeessory Organs of Digestion (Text Fig. 17-9) 

1. Write the names of the labeled parts on the appropriate lines in different eolors. 

2. Color the structures on the diagram with the eorresponding eolors. 


1 . 

2 . 

3. 

4 . 

5. 

6 . 

7. 

8 . 

9. 

10 . 

11 . 


0 


0 



o 
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EXERCISE 17-15 

Write the appropriate term in eaeh blank from the list below. Not all terms will be used. 
parotid glands submandibular glands sublingual glands 

gallbladder liver panereas 

1. The gland that seeretes biearbonate and digestive enzymes _ 

2. An organ that stores nutrients and releases them as needed into 

the bloodstream _ 

3. The aeeessory organ that stores bile _ 

4. The salivary glands that are inferior and anterior to the ear _ 

5. Glands found just under the tongue that seerete into the oral 

eavity _ 

8. DESCRIBE H0W BILE TRAVELS INTO THE DIGESTIVE TRACT AND FUNCTIONS 
IN DIGESTION, 

EXERCISE 17-16 

Write the appropriate term in eaeh blank from the list below. Not all terms will be used. 

eommon bile duct urea eystie duct panereatie duct 

bile bilirabin glyeogen eommon hepatie duct 

1. A substance that emulsifies fat _ 

2. The form in which glucose is stored in the liver _ 

3. A waste product produced from the destraetion of red 

blood eells _ 

4. A waste product synthesized by the liver as a result of protein 

metabolism _ 

5. The duct eonneeting the hepatie duct to the gallbladder _ 

6. The duct that eonneets to the panereatie duct _ 

7. The duct that earries bile from both lobes of the liver to the 

eommon bile duct _ 

9. EXPLAIN THE ROLE OF ENZYMES IN DIGESTION, AND LIST ENZYMES INVOLVED IN 
THE DIGESTION OF FATS f CARBOHYDRATES f PROTEINS, AND NUCLEIC ACIDS. 


See Exercise 17-17. 
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10, DEFINE THE TERM HYDROLYSIS, AND EXPLAIN ITS ROLE IN DIGESTION, 

EXERCISE 17-17 

Write the appropriate term in eaeh blank from the list below. 
protein hydrolysis fat nuclease pepsin 

sodium biearbonate lipase maltose trypsin maltase 

1. An enzyme that aets on a particular type of disaeeharide _ 

2. A substance (NOT an enzyme) released into the small 

intestine that neutralizes the aeidity in ehyme _ 

3. A substance that digests DNA _ 

4. A panereatie enzyme that splits proteins into amino aeids _ 

5. An enzyme seereted into the stomaeh that splits proteins 

into amino aeids _ 

6. The splitting of food molecules by the addition of water _ 

7. This nutrient is usually ingested in the form of triglyeerides _ 

8. The nutrient type that is partially digested by gastrie juice _ 

9. This enzyme digests fat _ 

11, NAME THE DIGESTION PR0DUCTS 0F FATS f PROTEINS, AND CARBOHYDRATES, 
EXERCISE 17-18 

Fill in the blank after eaeh statement—does it apply to earbohydrates (C), proteins (P), or fats (F)? 

1. This nutrient type is digested into sugars. _ 

2. This nutrient type is digested into amino aeids. _ 

3. This nutrient type is digested into glyeerol and fatty aeids. _ 

4. This nutrient type is partially digested in the stomaeh in 

both ehildren and adults. _ 

5. This nutrient type ean be broken down into disaeeharides. _ 
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12. DEFINE ABSORPTION , AND STATE HOW VILLI FUNCTION IN ABSORPTION, 
EXERCISE 17-19 

Write a definition of absorption in the spaee below. 


EXERCISE 17-20 

Label eaeh of the following statements as true (T) or false (F). 

1. Digested earbohydrates are absorbed into laeteals. _ 

2. Villi are small extensions of the plasma membranes 

of individual intestinal eells. _ 

3. Villi are folds in the mucosa, eaeh eomposed 

of many eells. _ 

4. Most digested fats are absorbed into laeteals. _ 

13. EXPLAIN NERVOLIS C0NTR0L 0F DIGESTION AND THE ROLE 0F THE ENTERIC 

NERVOLIS SYSTEM. 

EXERCISE 17-21 

Fill in the blanks of the following discussion, referring to your textbook as neeessary. 

Digestion is regulated by (1)_feedbaek, a type of feedbaek that main- 

tains homeostasis. The nervous system of the digestive traet, known informally as the “gut brain,” 

but teehnieally ealled the (2)_nervous system, partieipates in homeo- 

stasis. This “gut brain” includes sensors, a(n) (3)_, and effeetors such 

as smooth muscles and (4)_The aetivity of the “gut brain” is modified 

by the invofimtary braneh of the nervous system, known as the (5)_ 

nervous system. The (6)_braneh usually inereases digestive aetivity, 

and the (7)_usually deereases digestive aetivity. 
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14. LIST FOUR HORMONES INVOLVED IN REGULATING DIGESTION, AND EXPLAIN 

THE FUNCTION OF EACH. 

EXERCISE 17-22 

Write the appropriate term in eaeh blank from the list below. 

insulin leptin ghrelin gastrin 

gastrie inhibitory peptide eholeeystokinin (CCK) seeretin 

1. A hormone released from fat eells that inhibits appetite _ 

2. A duodenal hormone that stimulates insulin release _ 

3. A hormone that stimulates the seeretion of gastrie juice and 

inereases stomaeh motility _ 

4. An intestinal hormone that causes the gallbladder to eontraet, 

releasing bile _ 

5. A duodenal hormone that eontrols biearbonate production 

in the panereas _ 

6. A gastrie hormone that stimulates hunger _ 

7. A panereatie hormone that inhibits hunger _ 


15. USING THE INFORMATION IN THE CASE STUDY AND THE TEXT, EXPLAIN THE 

FUNCTI0N OF HYDR0CHL0RIC ACID IN THE ST0MACH AND ITS POSSIBLE ADVERSE 
EFFECTS. 

EXERCISE 17-23 

Fill in the blanks of the deseription below. Refer to your textbook if needed. 

The pH of the stomaeh is more (1) _ than that of the 

small intestine because of the gastrie production of (2) _ 

_This substance (3)_, or unwinds, 

proteins prior to digestion, and eonverts an inaetive enzyme known as (4) _ 

into the aetive enzyme known as (5)_This enzyme digests 

(6)_Normally, the (7) _ 

_keeps the stomaeh eon- 

tents from entering the esophagus. However, weakness of this structure or excess gastrie 

juice production ean result in a ehronie disease ealled (8) _ 

_, abbreviated as GERD. 
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16. SHOW HOW WORD PARTS ARE USED TO BUILD WORDS RELATED TO DIGESTION, 
EXERCISE 17-24 

Complete the following table by writing the eorreet word part or meaning in the spaee provided. 
Write a word that eontains eaeh word part in the “Example” column. 


Word Part Meaning Example 

1. _ stareh _ 

2. mes/o- _ _ 

3. _ intestine _ 

4. ehole _ _ 

5. bil/i _ _ 

6. _ bladder, sae _ 

7. _ stomaeh _ 

8. _ away from _ 

9. hepat/o _ _ 

10. lingu/o _ _ 
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Making the Connections 

The following eoneept map deals with the structure and regulation of the gastrointestinal system. 
Eaeh pair of terms is linked together by a eonneeting phrase into a sentenee. Complete the eoneept 
map by hlling in the appropriate term or phrase. There is one right answer for eaeh term (1, 2, 4, 7, 
8, 12, 13). However, there are many eorreet answers for the eonneeting phrases. Write the eonneet- 
ing phrases along the arrows if possible. If your phrases are too long, you may want to write them 
in the margins or on a separate sheet of paper. Can you think of any other phrases to eonneet the 
terms? For instanee, how could you eonneet “CCK” with “panereas?” 


o 


o 



Travels through 
a spaee in the 


diaphragm 
ealled the 



Is lined with 
folds ealled 


esophagus 

> 

0 

stomaeh 


Moves substances 



© 


by a proeess 
ealled 



e 


gastrin 


0 


0 


Seeretes this hormone 
that stimulates insulin 
seeretion 


O 

< - 

duodenum of 
small intestine 

-► 

seeretin 


Is lined with 

© 



fingerlike 

projeetions 

ealled 


Reeeives bile 
that may have 
been stored 

in the 




© 


© 


t 


panereas 


Stores bile 
produced 
in the 




Optional Exercise: Make your own eoneept map based on the three proeesses of digestion and how 
they apply to proteins, sugars, and fats. Use the following terms and any others you would like to 
include: digestion, absorption, elimination, stomaeh, small intestine, large intestine, fats, earbo- 
hydrates, proteins, amylase, lipase, bile, hydroehlorie aeid, pepsin, trypsin, peptidase, and maltase. 
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Testing Your Knowledge 

BLIILDING IINDERSTANDING 
I. MULTIPLE CHOICE 

Seleet the best answer. 

1. Which teeth would NOT be found in a 20-year-old male? 1. 

a. bicuspid 

b. cuspid 

e. deciduous 

d. ineisor 

2. Which of the following is the eorreet order of tissue from the 

innermost to the outermost layer in the wall of the digestive traet? 2. 

a. submucosa, serous membrane, smooth muscle, mucous membrane 

b. smooth muscle, serous membrane, mucous membrane, submucosa 

e. serous membrane, smooth muscle, submucosa, mucosa 

d. mucous membrane, submucosa, smooth muscle, serous membrane 

3. Where is the parotid gland loeated? 3. 

a. inferior and anterior to the ear 

b. under the tongue 

e. in the eheek 

d. in the oropharynx 

4. Which of the following is NOT a portion of the peritoneum? 5. 

a. mesoeolon 

b. mesentery 

e. hiatus 

d. greater omentum 

5. What are the two aetive ehemieals found in gastrie juice? 6. 

a. amylase and pepsin 

b. pepsin and hydroehlorie aeid 

e. maltase and seeretin 

d. bile and trypsin 

6. Which of these ehemieals is released in response to gastrie inhibitory 

peptide? 7. 

a. pepsin 

b. insulin 

e. biearbonate 

d. gastrin 

7. Where does most fat digestion occur in adults? 9. 

a. mouth 

b. stomaeh 

e. small intestine 

d. transverse eolon 

8. Which of the following does NOT occur in the mouth? 10. 

a. mastieation 

b. digestion of stareh 

e. absorption of nutrients 
d. ingestion 
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9. Which of the following is an enzyme? 11._ 

a. bile 

b. gastrin 
e. trypsin 

d. seeretin 

10. Which of the following is assoeiated with the intestine? 12._ 

a. rugae 

b. laeteals 

e. LES 

d. greater curvature 

11. Which of these hormones stirmdates appetite? 13._ 

a. ghrelin 

b. insulin 

e. CCK 
d. GIP 

II. C0MPLETI0N EXERCISE 

Write the word or phrase that eorreetly eompletes eaeh sentenee. 

1. The proeess by which ingested nutrients are broken down into smaller eomponents is ealled 


2. The lower part of the eolon bends into an S shape, 


so this part is ealled the 


3. A temporary storage seetion for indigestible and unabsorbable waste products of digestion is 

the_ 

4. The wavelike movement that rapidly propels food down the esophagus is ealled 


5. Most digestive juices eontain substances that cause the ehemieal breakdown of foods without 

entering into the reaetion themselves. These eatalytie agents are_ 

6. The portion of the peritoneum extending between the stomaeh and liver is ealled the 


7. The proeess of swallowing is ealled_ 

8. Teeth are largely eomposed of a ealeified substance ealled_ 

9. The esophagus passes through the diaphragm at a point ealled the_ 

10. The hormone that stimulates gallbladder eontraetion is ealled_ 

11. Small projeeting folds in the plasma membrane of intestinal epithelial eells are ealled 


12. The stomaeh enzyme involved in protein digestion is ealled_ 

13. The ehemieal reaetion that breaks nutrients apart using water is ealled 
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LINDERSTANDING C0NCEPTS 
I. TRIJE/FALSE 

For eaeh statement, write T for true or F for false in the blank to the left of eaeh number. If a state- 
ment is false, eorreet it by replaeing the underlined term, and write the eorreet statement in the 
blanks below the statement. 

1. There are 32 deciduous teeth. 


2. The layer of the peritoneum attaehed to the liver is part of the viseeral peritoneum. 


3. Mr. D suffers from an ulcer because of a weakness in his LES. This ulcer is most likely in 
the duodenum. 


4. Ms. Q is defieient in laetase. She will be unable to digest some earbohydrates . 


5. Trypsin is seereted by the gastrie glands . 


6. Inereased aeidity in the ehyme could be neutralized by the aetions of the hormone gastrin . 


7. Fats are absorbed into blood eapillaries in the intestinal villi. 


8. The middle seetion of the small intestine is ealled the jejunum . 


9. Folds in the stomaeh wall are ealled villi. 


10. The eommon bile duct delivers bile from the liver and gallbladder into the duodenum. 


11. Amylase is involved in the digestion of earbohydrates . 


12. The panereas is responsible for the synthesis of urea. 
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II. PRACTICAL APPLICATIONS 

Study eaeh discussion. Then write the appropriate word or phrase in the spaee provided. 

1. Mr. P, aged 42, eame to the elinie eomplaining of pain in the “pit of his stomaeh.” He was a 
tense man who divided up his long working hours with eoffee and eigarette breaks. When asked 
about his aleohol consumption, Mr. P mentioned that he drank three or four beers and a glass 
of wine eaeh night and signifieantly more on the weekends. Endoseopy showed inflammation 

of the innermost layer of the stomaeh. This layer is ealled the_ 

2. A damaged area was also found in the most proximal part of the small intestine. This seetion of 

the small intestine is ealled the_ 

3. Mr. P was diagnosed with an ulcer and given a preseription for antibioties. The antibioties will 
treat the bacterium involved in ulcer formation. These baeteria are named after the most distal 

portion of the stomaeh, the_ 

4. A seeond medieation inhibits a hormone that stimulates gastrie gland aetivity. This hormone is 

ealled_ 

5. The physieian had almost eompleted her physieal exam of Mr. P when she felt the edge of his 
liver about 5 em (2 in) below the ribs. She also notieed that the whites of his eyes were tinged 
with yellow. This eoloration results from the buildup of a yellowish pigment in blood. The pig- 
ment results from the breakdown of red blood eells and is normally seereted into the duodenum 

along with bile. This substance is named_ 

6. Based on her elinieal findings and Mr. P’s self-reported aleohol abuse, the physieian suspected 
that Mr. P has eirrhosis, a ehronie liver disease. Further testing also revealed a partial bloekage 

of the duct leading from the gall bladder. This duct is the_ 

III. SHORT ESSAYS 

1. Deseribe some features of the small intestine that inerease the surface area for absorption of 
nutrients. 
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2. List four differenees between the digestion and absorption of fats and proteins. 


CONCEPTUAL THINKING 


1. Ms. M is taking a drug that bloeks the aetion of eholeeystokinin. Discuss the impaet of this drug 
on digestion. 


2. Is bile an enzyme? Explain your answer. 


Expanding Your Horízons 

Both inflammatory bowel disease and Crohn disease are autoimmune disorders of the gastro- 
intestinal traet that frequently develop in young adults. The most eommon treatments attempt 
to reduce the inflammatory response, but they have signifieant side effeets, including signifieant 
weight gain and fatigue. Dr. Joel Weinstock has developed an alternative treatment—drinking worm 
eoektails. The hypothesis is that the worms seerete substances that inhibit the immune response. 
Everyone wins because the imrmrne system leaves both the worms and the intestinal lining alone. 
You ean read more about this work on Dr. Weinstock’s website or in the artiele listed below. 

The Joel Weinstock Lab. Available at: http://sackler.tufts.edu/Faculty-and-Research/ 
Faculty-Research-Pages/Joel-Weinstock 

Weinstock JV, Elliott DE. Helminths and the IBD hygiene hypothesis. Inflamm Bowel Dis 
2009;15:128-133. Available at: http://onlinelibrary.wiley.com/doi/10.1002/ibd.20633/full 
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Overview 


The nutrients that reaeh the eells fol- 
lowing digestion and absorption are 
used to maintain life. All the ehemieal 
reaetions that occur within the eells 
make up metabolism, which includes 
eatabolism, reaetions that break down 
large molecules into smaller ones, and 
anabolism, reaetions that build large 
molecules from smaller ones. Some 
eatabolie reaetions are speeialized to 
produce energy in the form of ATP. 
These reaetions are eolleetively known 
as cellular respiration. The eatabolism 
of glucose requires two major stages. 
The hrst stage, glyeolysis, is deseribed 
as anaerobie (does not require oxygen) 
and produces a small amount of energy. 
The end product of glyeolysis is ealled 
pymvie aeid. Pyravie aeid, fatty aeids, 
or even amino aeids ean be eompletely 
broken down by mitoehondria to yield 
large amounts of ATP. 

The breakdown products of food 
ean be built into substances needed by 
the body. The essential amino aeids 
and essential fatty aeids eannot be 
manufactured internally and must be 
ingested in food. Minerals and vita- 
mins are also needed in the diet for 
health. A balaneed diet includes earbo- 
hydrates, proteins, and fats consumed 
in amounts relative to individual aetiv- 
ity levels. Excessive nutrient intake ean 
result in obesity, whereas insufhcient 
or inappropriate nutrient intake results 
in malnutrition. 

The rate at which energy is released 
from nutrients is termed the meta- 
bolie rate. It is affeeted by many faetors 
including age, size, sex, aetivity, and hor- 
mones. Some of the energy in nutrients 
is released as heat. 
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Heat production is greatly inereased during periods of inereased muscular or glandular aetivity. 
Most heat is lost through the skin, but heat is also dissipated through exhaled air and eliminated 
waste products (urine and feees). The hypothalamus maintains body temperature at approximately 
37°C (98.6°F) by altering blood flow through the surface blood vessels and the aetivity of sweat 
glands and muscles. 


Addressing the Learning Objeetives 

1. DIFFERENTIATE BETWEEN CATABOLISM AND ANABOLISM. 

EXERCISE 18-1 

Fill in the blank after eaeh statement—does it apply to eatabolism (C) or to anabolism (A)? 

1. The metabolie breakdown of complex compounds _ 

2. The metabolie building of simple compounds into substances 

needed by eells _ 

3. This proeess usually releases energy _ 

2. DIFFERENTIATE BETWEEN THE ANAEROBK AND AEROBK PHASES OF GLIKOSE 
CATABOLISM f AND GIVE THE END PRODIKTS AND THE RELATIVE AMOLINT OF 
ENERGY RELEASED BY EACH> 

EXERCISE 18-2 

Fill in the blank after eaeh statement—does it apply to the anaerobie phase (AN) or to the aerobie 
phase (AE) of glucose eatabolism? 

1. This proeess generates two ATP per glucose molecule _ 

2. This proeess generates about 30 ATP per glucose molecule _ 

3. The end products are earbon dioxide and water _ 

4. The end product is pyravie aeid _ 

5. This proeess ean occur in the absenee of oxygen _ 

6. This proeess is also known as glyeolysis _ 

7. This proeess requires oxygen _ 

8. This proeess occurs first _ 
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3. DEFINE METABOLK RATE, AND NAME SIX FACT0RS THAT AFFECT IL 
EXERCISE 18-3 

Write a definition for eaeh term in the blanks provided. In the fourth line, list six determinants of 
the metabolie rate. 

1. Metabolism 


2. Metabolie rate 


3. Basal metabolism 


4. Faetors affeeting metabolie rate 


4. EXPLAIN H0W CARBOHYDRATES f FATS f AND PROTEINS ARE METABOLIZED FOR 
ENERGY. 

See Exercise 18-4. 

5, C0MPARE THE ENERGY C0NTENTS OF CARBOHYDRATES f FATS f AND PROTEINS, 
EXERCISE 18-4 

Write the appropriate term in eaeh blank from the list below. Not all terms will be used. 
glyeolysis pyravie aeid glyeerol laetie aeid 

glyeogen deamination fat protein 

1. The storage form of glucose _ 

2. A modifieation of amino aeids that occurs before 

they ean be oxidized for energy _ 

3. An intermediate product of glucose eatabolism that 

ean be eompletely oxidized within the mitoehondria _ 

4. An organie substance produced from pyravie aeid during 

intense exercise _ 

5. The nutrient type that generates the most energy per gram _ 

6. A product of fat digestion that ean be used for energy _ 

7. The nutrient type that does not have a speeialized storage form _ 
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6. LISTTHE RECOMMENDED PERCENTAGES OF CARBOHYDRATE f FAT f AND PROTEIN IN 
THE DIEL 

EXERCISE 18-5 

Mateh eaeh pereentage to the eorresponding nutrient type, by writing the appropriate letter in eaeh 
blank. 

1. Protein_ a. 55% to 60% 

2. Fat_ b. less than 30% 

3. Carbohydrate_ e. 15% to 20% 

7. DISTINGIIISH BETVVEEN SIMPLE AND C0MPLEX CARBOHYDRATES f GIVING 
EXAMPLES 0F EACH, 

See Exercise 18-6. 

8> C0MPARE SATLJRATED AND UNSATURATED FATS> 

EXERCISE 18-6 

Write the appropriate term in eaeh blank from the list below. Not all terms will be used. 
trans-fatty aeids unsaturated fats insulin glyeogen 

monosaeeharides saturated fats polysaeeharides disaeeharides 

1. Fats that are usually of animal origin and are solid at room 

temperature _ 

2. Fats that are artifieially saturated to prevent raneidity _ 

3. Carbohydrates with a low glyeemie effeet _ 

4. Glucose and fructose are examples of this type of nutrient _ 

5. Plant-derived fats that are usually liquid at room temperature _ 

6. The panereatie hormone that promotes polysaeeharide 

anabolism _ 

7. The panereatie hormone that promotes polysaeeharide 

eatabolism _ 

9. DEFINE ESSENTIAL AMINO ACID. 


See Exercise 18-7. 
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10. EXPLAIN THE ROLES OF MINERALS AND VITAMINS IN NUTRITION f AND GIVE 

EXAMPLES OF EACH. 

EXERCISE 18-7 

Write the appropriate term in eaeh blank from the list below. 
essential amino aeids essential fatty aeids antioxidants 
nonessential amino aeids traee elements vitamins minerals 

1. A elass of substances that stabilizes free radieals _ 

2. Minerals required in very small amounts _ 

3. Complex organie molecules that are essential for metabolism _ 

4. Protein eomponents that must be taken in as part of the diet _ 

5. inorganie elements needed for body structure and many 

body hmetions, sometimes in large amounts _ 

6. Protein building bloeks that ean be manufactured by the body _ 

7. Linoleie aeid is an example _ 

EXERCISE 18-8 

Write the appropriate term in eaeh blank from the bst below. Not all terms will be used. 
zine iodine iron potassium calcium 

folate ealeiferol riboflavin vitamin A vitamin K 

1. The vitamin that prevents dry sealy skin and night bbndness _ 

2. The vitamin needed to prevent anemia, digestive disorders, 

and neural tube defeets in the embryo _ 

3. Another name for vitamin D, the vitamin required 

for normal bone formation _ 

4. The mineral eomponent of thyroid hormones _ 

5. A mineral important in blood elotting and muscle eontraetion _ 

6. The eharaeteristie element in hemoglobin, the oxygen-carrying 

compound in the blood _ 

7. A mineral that promotes earbon dioxide transport and energy 

metabolism _ 

8. A vitamin involved in the synthesis of blood elotting faetors 

that ean be synthesized by eolonie baeteria _ 
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11. LIST SIX ADVERSE EFFECTS OF ALCOHOL C0NSUMPTI0N. 

EXERCISE 18-9 

Deseribe six adverse effeets of excess aleohol consumption in the spaees below. 

1._ 

2 ._ 

3. _ 

4 . _ 

5. _ 

6 . _ 

12. EXPLAIN H0W HEAT IS PR0DUCED AND LOST IN THE BODY. 
EXERCISE 18-10 

Write the appropriate term in eaeh blank from the list below. 
eonveetion evaporation conduction radiation 

1. The direet transfer of heat from a warmer objeet to a eooler one _ 

2. Heat loss resulting from the eonversion of a liquid, such as 

perspiration, to a vapor _ 


3. Heat loss resulting from moving air 

4. Heat that travels from its source as heat waves 
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13. DESCRIBE THE ROLE OF THE HYPOTHALAMLIS IN REGIILATING BODY 

TEMPERATLIRE. 

EXERCISE 18-11 

Fill in the blank after eaeh of the following body ehanges—which would the hypothalanms induce 
when the body is eold (C), and which would it induce when the body is excessively hot (H)? 

1. Constriction of the skin’s blood vessels _ 

2. inereased sweat gland aetivity _ 

3. Dilation of the skin’s blood vessels _ 

4. inereased skeletal muscle eontraetion (shivering) _ 

14. LJSING THE CASE STLJDY AND THE TEXT, DESCRIBE THE ADVERSE EFFECTS OF 

MALNLITRITION. 

EXERCISE 18-12 

Claudia, the subject of the ease study, suffers from anorexia nervosa. List at least four problems she 
might encounter if she eannot eontrol her disease. If possible, explain the link between the problem 
and inadequate nutrient intake. 

1 ._ 

2 ._ 

3. _ 

4. 
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15. SH0W H0W W0RD PARTS ARE USED T0 BUILD WORDS RELATED TO METABOLISM, 

NUTRITION, AND BODY TEMPERATURE. 

EXERCISE 18-13 

Complete the following table by writing the eorreet word part or meaning in the spaee provided. 
Write a word that eontains eaeh word part in the “Example” column. 


Word Part Meaning Example 

1. -lysis _ _ 

2. _ sugar, sweet _ 
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Making the Connections 

The following eoneept map deals with nutrition and metabolism. Eaeh pair of terms is linked 
together by a eonneeting phrase. Complete the eoneept map by hlling in the appropriate term or 
phrase. There is one right answer for eaeh term (1, 2, 5 to 7, 9, 11, 13, 14). However, there are 
many eorreet answers for the eonneeting phrases. Write the eonneeting phrases along the arrows if 
possible. If your phrases are too long, you may want to write them in the margins or on a separate 
sheet of paper. 


o 


o 


Complete diet 

I 


should obtain 15%-20% 

includes 


should obtain 55%-60% 

of total ealories from 

inorganie 


total ealories from 


elements 

ealled 

o 

o 


t 


o 


T 


T 


T 




eomposed 
of building 
bloeks ealled 


eontaining 
double bonds 





0 


t 


are stored as 


o 

© 


saturated fatty 

ae i ds 

© 


must undergo 
this proeess 
before they 
ean be used 
for energy 

0 






urea 


first undergoes 
a eatabolie 
proeess ealled 




produces 
an aeid 
ealled 





mitoehondria 


Optional Exercise: Make your own eoneept map based on the regulation of body temperature. 
Use the following terms and any others you would like to inehtde: body temperature, sweating, 
shivering, dilation, eonstrietion, eonveetion, conduction, evaporation, radiation, hypothalamus, 
respiratory system, skin. 
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Testing Your Knowledge 

BLIILDING IINDERSTANDING 
I. MULTIPLE CHOICE 

Seleet the best answer. 

1. Which region of the brain is involved in temperature regulation? 1. 

a. hypothalamus 

b. eerebral cortex 
e. hippocampus 

d. thalamus 

2. What does a eomplete protein eontain? 2. 

a. all the amino aeids 

b. all the essential fatty aeids 

e. a variety of minerals 

d. all the essential amino aeids 

3. What is deamination? 3. 

a. an anabolie reaetion 

b. the eonversion of proteins into amino aeids 

e. the eonversion of glucose into glyeogen 

d. the removal of a nitrogen group from an amino aeid 

4. If you have a fever, what might be your body temperature? 4. 

a. 96°F 

b. 39°F 

e. 39°C 

d. 96°C 

5. What is the end product of the anaerobie phase of ghteose eatabolism? 5. 

a. glyeogen 

b. pyruvic aeid 

e. folie aeid 

d. toeopherol 

6. What are dietary traee elements? 6. 

a. sugars with a high glyeemie effeet 

b. vitamins needed in very small amounts 

e. minerals needed in large quantity 

d. minerals needed in very small amounts 

7. Which heat transfer proeess is inereased by profuse sweating? 7. 

a. radiation 

b. evaporation 

e. eonveetion 

d. none of the above 

8. Which of these phrases deseribes unsaturated fats? 9. 

a. They are generally healthier than saturated fats. 

b. They ean be eonverted into trans fats. 

e. They eontain double bonds between the earbon atoms. 
d. All of the above. 
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9. Which of the following is an example of an anabolie reaetion? 10. 

a. Glyeerol and fatty aeids are used to form a fat. 

b. Starehes and glyeogen are eonverted into glucose. 

e. A short peptide is eonverted into arginine and eysteine. 
d. Glucose is eompletely oxidized to earbon dioxide and water. 


II. C0MPLETI0N EXERCISE 

Write the word or phrase that eorreetly eompletes eaeh sentenee. 

1. The unit used to measure energy is the_ 

2. The amount of energy needed to aeeomplish basie eell functions at rest is termed the 


3. Shivering to generate additional body heat results from inereased aetivity of the 


4. Organie substances needed in small amounts in the diet are the_ 

5. Linoleie aeid is an example of a(n)_ 

6. The series of eatabolie reaetions that results in the eomplete breakdown of nutrients is ealled 


7. Heat that is moved away from the skin by the wind is lost by the proeess of 


8. Glyeolysis occurs in the part of the eell ealled the_ 

9. Fatty aeids that must be consumed in the diet are ealled 

10. The only nutrient that undergoes glyeolysis is_ 
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LINDERSTANDING CONCEPTS 
I. TRIJE/FALSE 

For eaeh statement, write T for true or F for false in the blank to the left of eaeh number. If a state- 
ment is false, eorreet it by replaeing the underlined term, and write the eorreet statement in the 
blanks below the statement. 

_ 1. A body temperature of 35°C would be eonsidered low . 


2. Grape seed oil is liquid at room temperature. This oil is most likely a saturated fat. 


3. The eonversion of glyeogen into ghteose is an example of a eatabolie reaetion. 


4. Most heat loss in the body occurs through the skin . 


5. The element nitrogen is found in all sugars . 


6. The end product of cellular respiration in the mitoehondria is pyravie aeid . 


7. The nutrient type eontaining the most kiloealories per gram is earbohydrate . 


8. Copper and calcium are examples of vitamins . 


9. A body mass index of 28 indieates obesity . 
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II. PRACTICAL APPLICATIONS 

Ms. S is researehing penguin behavior at a remote loeation in Antaretiea. She will be eamping on 
the iee for two months. Study eaeh discussion. Then write the appropriate word or phrase in the 
spaee provided. 

1. Ms. S is spending her first night on the iee. She is careful to wear many layers of elothing 
in order to avoid a dangerous drop in body temperature. The extra elothing will reduce 
the transfer of heat as heat waves from her skin to the eold air. This proeess is ealled 


2. She is out for a moonlight walk to greet the penguins when she surprises an elephant seal stalk- 
ing a penguin. Frightened, she sprints baek to her tent. Her muscles are generating ATP by 
an oxygen-independent pathway. Eaeh glucose molecule is generating a small number of ATP 

molecules, or to be exact,_ 

3. The end product of this oxygen-independent pathway is a molecule ealled 


4. Ms. S is exercising so intensely that much of this end product is eonverted into a different aeid. 

This aeid, which ean spill over into blood, is ealled_ 

5. Ms. S realizes that she lost her faee mask. The howling wind results in the loss of much heat 

from her faee by the proeess of_ 

6. After two weeks on the iee, Ms. S is out of fresh fmits and vegetables, and the penguins have 
stolen her multivitamin supplements. She has been reading accounts of early explorers suffer- 
ing from scurvy and fears she will experience the same fate. Scurvy is due to a defieieney of 

aseorbie aeid, also known as_ 

7. Ms. S’s diet is now reduced to luncheon meat and eraekers. The eraekers are still tasty 
because they eontain signifieant amounts of artifieially hydrogenated fats, known as 


8. She looks forward to eating her normal diet when she returns home, which is rieh in complex 
earbohydrates, also known as_ 

III. SHORT ESSAYS 

1. Is aleohol a nutrient? Defend your answer. 
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2. A glucose molecule has been transported into a muscle eell. This eell has ample supplies of oxy- 
gen. Discuss the steps involved in using this glucose to produce energy. For eaeh step, deseribe 
its loeation and oxygen requirements and name the substances produced. 


CONCEPTUAL THINKING 


1. Your friend wants to lose some weight. She is following a diet that eontains 20% earbohydrates, 
40% fat, and 40% protein. Why is this diet designed to cause weight loss? You may have to 
review the aetions of panereatie hormones (Chapter 11) to answer this question. 


2. This ehemieal equation shows how a speeihe fatty aeid (stearie aeid) is used to generate ATP. 
Follow the procedure in the One Step at a Time box in your textbook to answer the following 
questions. 

C 18 H 34 0 + 26 0 2 ^_C0 2 +_H 2 0 + 122 ATP + heat 

a. What is the ehemieal formula for stearie aeid? 


b. Remember that ehemieal equations need to eontain the same number of atoms for eaeh ele- 
ment on either side of the arrow. How many earbon dioxide molecules are produced from a 
single molecule of stearie aeid? (Hint: count the C atoms). 


e. How many water molecules are produced from a single molecule of stearie aeid? (Hint: count 
the H atoms.) 


d. Would you obtain more ATP from one stearie aeid molecule or four glucose molecules? 
Defend your answer. 
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Expanding Your Horízons 

How does your diet measure up? Go to http://www.ChooseMyPlate.gov to hnd nutritional infor- 
mation and guidelines established by the U.S. Department of Agriculture. Some nongovernmental 
ageneies, such as the Harvard Sehool of Public Health, have eritieized the government’s efforts and 
proposed a graphie, the Healthy Eating Plate, that differs from the USDA guidelines. You ean read 
about their critique at http://www.hsph.harvard.edu/nutritionsource/healthy-eating-plate/healthy- 
eating-plate-vs-usda-myplate/index.html (or do a website seareh for “Healthy Eating Plate”). 



CHAPTER 



The (Jrinary System and Body Fluids 


0 ve rvi e w 


The majority (50% to 70%) of a person’s 
body weight is water. This water is a 
solvent, a transport medmm, and a par- 
tieipant in metabolie reaetions. A vari- 
ety of substances are dissolved in this 
water, including eleetrolytes, nutrients, 
gases, enzymes, hormones, and waste 
products. Body fluids are distributed in 
two main eompartments: (1) the intra- 
cellular fluid eompartment within the 
eells and (2) the extracellular fluid eom- 
partment loeated outside the eells. The 
latter eategory includes blood plasma, 
interstitial fluid separating eells, lymph, 
and flmds in speeial eompartments, such 
as the humors of the eye, eerebrospinal 
fluid, serous fhnds, and synovial fluids. 

The rninary system plays a eritieal 
role in water balanee. It eomprises two 
kidneys, two ureters, one urinary blad- 
der, and one urethra. This system is 
thought of as the body’s main excretory 
meehanism; it is, in faet, often ealled 
the excretory system. The kidney, how- 
ever, performs other essential functions; 
it maintains eleetrolyte and aeid-base 
balanee by eontrolling the amount and 
eomposition of urine, and it produces 
hormones. The kidneys also regulate 
blood pressure by producing renin, an 
enzyme that aetivates the protein angio- 
tensin. The aetive form of this hormone 
(angiotensin II) inereases blood pres- 
sure via aetions on both the eardiovas- 
cular system and the renal system. 

The hmetional unit of the kidney 
is the nephron, which eonsists of the 
glomerulus (a small cluster of eapillar- 
ies), and the renal tubule. Blood enters 
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the glomerulus from the afferent arteriole and leaves via the efferent arteriole and subsequently 
passes through the peritubular eapillaries surrounding its nephron. Water and dissolved solutes 
hlter from blood in the glomerulus into the proximal portion of the renal tubule, the glomeralar 
capsule. The resulting huid (the hltrate) passes through the rest of the renal tubule—the proximal 
tubule, nephron loop, and distal tubule—before entering the eolleeting duct and draining into the 
renal pelvis as urine. The hltrate is substantially modihed as it passes through the renal tubule. 
Most of the water and solutes return to the bloodstream by the proeess of reabsorption; some 
solutes pass from peritubular blood into the tubule by the proeess of seeretion. Finally, under the 
influence of antidmretie hormone (ADH), the tubular huid is eoneentrated just enough to maintain 
normal body huid balanee. 

Water balanee is maintained by matehing huid intake with huid output. Fluid intake is stimulated by 
the thirst eenter in the hypothalamus, but humans voluntarily eontrol their fluid intake and may eon- 
sume excess or insufhcient huids. Normally, the amount of huid taken in with food and beverages equals 
the amount of fluid lost through the skin and the respiratory, digestive, and urinary traets. 

The eomposition of intracellular and extracellular huids is an important faetor in homeostasis. 
These flmds must have the proper levels of eleetrolytes and must be kept at a eonstant pH. The 
kidneys are the main regulators of body flmds. They alter the retention of speeihe eleetrolytes and 
water in response to hormones such as aldosterone, ADH, atrial natrmretie peptide (ANP), and 
angiotensin II (ATII). Buffers and the respiratory system aid the kidneys in maintaining eonstant 
blood pH. The normal pH of body huids is a slightly alkaline 7.4. 


Addressing the Learning Objeetives 

1. C0MPARE INTRACELLULAR AND EXTRACELLULAR FLUIDS. 


See Exercise 19-1. 
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2. LIST FOLIR TYPES 0F EXTRACELLULAR FLUIDS. 

EXERCISE 19-1: Main Fluid Compartments (Text Fig. 19-1) 

1. The three beakers represent the three major body fluid eompartments. These three eompart- 
ments constitute 40%, 15%, and 5% of the average person’s body weight. Based on the size of 
the beaker, write in the eorreet number for eaeh pereentage. 

2. Label the four different fluid eompartments. 



1 . 

2 . 

3. 

4. 


3. DEFINE ELECTR0LYTES, AND DESCRIBE SOME 0F THEIR FUNCTI0NS, 
EXERCISE 19-2 


Write the appropriate term in eaeh blank from the list below. 
eation anion potassium eleetrolyte 

sodium calcium ehloride 


1. A general term deseribing any positively eharged ion 

2. A general term deseribing any negatively eharged ion 

3. A eomponent of stomaeh aeid 

4. The most abundant eation inside eells 

5. A compound that forms ions in solution 

6. A eation involved in bone formation 

7. The most abundant eation in the fluid surrounding eells 
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4. DESCRIBE THE ORGANS OF THE LIRINARY SYSTEM, AND GIVE THE FUNCTIONS 
OFEACH. 

EXERCISE 19-3: Male Urinary System (Text Fig. 19-3) 

1. Write the name of eaeh structure in the line next to the bullet. (Hint: Structures 1 and 4 are 
veins.) 

2. If you wish, eolor arteries red, veins blue, and structures encountering urine yellow. 

3. Put arrows in the small boxes to indieate the direetion of blood/urine movement. 
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5. LIST FOUR SYSTEMS THAT ELIMINATE WASTE, AND NAME THE SUBSTANCES EACH 
ELIMINATES. 

EXERCISE 19-4 

Fill in the blank after eaeh substance—is it eliminated by the urinary (U), digestive (D), respiratory 
(R), and/or integumentary (I) system(s)? There may be more than one answer for eaeh substance. 

1. Carbon dioxide _ 

2. Bile _ 

3. Water _ 

4. Salts _ 

5. Digestive residue _ 

6. Nitrogenous wastes _ 

6. LIST F0UR ACTIVITIES OF THE KIDNEYS IN MAINTAINING HOMEOSTASIS. 

EXERCISE 19-5 

In the spaees below, list four body parameters that the kidney helps maintain within tight limits. 

1_ 

2 _ 

3 _ 

4 _ 
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7. DESCRIBE THE L0CATI0N AND INTERNAL ORGANIZATION OF THE KIDNEYS. 
EXERCISE 19-6: Kidney Structure (Text Fig. 19-4, modified) 

Write the name of eaeh structure on the 
appropriate lines below. 

1. 

2 . 

3. 

4. 

5. 

6 . 

7. 

8 . 

9. 

10 . 

11. 

EXERCISE 19-7 

Write the appropriate term in eaeh blank from the list below. Not all terms will be used. 
ureter urinary bladder urethra renal capsule renal cortex 

retroperitoneal spaee nephron renal pelvis adipose capsule renal medulla 

1. A funnel-shaped basin that drains into the ureter _ 

2. The tube that earries urine from the bladder to the outside _ 

3. The area behind the peritoneum that eontains the ureters 

and the kidneys _ 

4. A mieroseopie hmetional unit of the kidney _ 

5. A tube eonneeting a kidney with the bladder _ 

6. The ereseent of fat that helps support the kidney _ 

7. The inner region of the kidney _ 

8. The outer region of the kidney _ 
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8. DESCRIBE A NEPHRON. 

EXERCISE 19-8: A Cortical Nephron (Text Fig. 19-5A) 

1. Label eaeh structure by writing the appropriate term in eaeh box. IJse red for the only labeled 
structure that encounters blood. 

2. Add arrows to the diagram indieating the direetion of fluid flow. 


o 



o 
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9. TRACE THE PATH OF A DROP OF BLOOD AS IT FL0WS THROLIGH THE KIDNEY. 

EXERCISE 19-9: Blood Supply to a Cortical Nephron (Text Fig. 19-5B) 

1. Label eaeh structure by writing the appropriate term in eaeh box. Use red for structures that 
encounter arterial blood, purple for structures encountering mixed blood, and blue for veins. 

2. Label the parts of the nephron, if desired. 

3. Add arrows to the diagram to traee the path of blood as it flows through the kidney. 




EXERCISE 19-10 

Write the appropriate term in eaeh blank from the list below. Not all terms will be used. 
afferent arteriole proximal tubule peritubular eapillaries nephron loop 

glomerulus glomemlar capsule efferent arteriole renal artery 

renal vein eolleeting duct 

1. A hollow bulb at the proximal end of the renal tubule _ 

2. The blood vessels eonneeting the afferent and efferent arterioles _ 

3. The portion of the nephron reeeiving filtrate from the 

glomemlar capsule _ 

4. The vessel that branehes to form the glomerulus _ 

5. The vessel that drains the kidney _ 

6. The blood vessels that exchange substances with the nephron _ 

7. A tube that reeeives urine from the distal tubule _ 

8. The portion of the nephron that dips into the medulla _ 
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10. NAME THE F0UR PR0CESSES INVOLVED IN URINE FORMATION, AND DESCRIBE 

WHAT HAPPENS DURING EACH. 

EXERCISE 19-11: Glomemlar Filtration (Text Fig. 19-7) 

1. Write the names of the different structures on the appropriate numbered lines in different eolors, 
and lightly shade the structures on the diagram. Use different shades of red for structures 1 to 3 
and yellow for part 7. Do not eolor over the symbols. Some structures have appeared on earlier 
diagrams. You may want to use the same eolor seheme. 

2. Color the symbols beside “soluble molecules,” “proteins,” and “blood eells” in different dark 
eolors, and eolor the eorresponding symbols on the diagram. 



O Soluble molecules 
O Proteins 
O Blood eells 
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EXERCISE 19-12: Summary of Urine Formation (Text Fig. 19-9) 

1. Label the structures and fluids by writing the appropriate terms on lines 5 to 11. 

2. Write the name of the hormone that eontrols water reabsorption in the eolleeting duct on 
line 12. 

3. Name and briefly deseribe the different kidney proeesses in lines 1 to 4. 

1_ 

2 _ 

3 _ 

4 _ 

5 _ 

6 ._ 

7 _ 

8 _ 

9_ 

10 _ 

11 _ 

12 _ 



o 
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11. EXPLAIN THE ROLES OF JUXTAMEDULLARY NEPHRONS AND ANTIDIURETIC 

HORMONE (ADH) IN URINE FORMATION, 

EXERCISE 19-13 

Seleet the eorreet member of eaeh term pair, and write it in the blank. 

Speeialized nephrons ealled (1) _ (cortical/juxtamedullary) nephrons 

have espeeially long nephron loops. These nephrons establish a(n) (2)_ 

(osmotic/pressure) gradient in the deeper portion of the kidney, known as the renal 

(3)_(cortex/medulla). This gradient is crucial for the final step of urine 

production, known as (4)_(reabsorption/eoneentration). As the filtrate 

travels to the renal pelvis via the (5) _(eolleeting duct/juxtamedullary 

apparatus), it encounters progressively more eoneentrated (6) _(inter- 

stitial fluid/cytosol). Water leaves the tubule and eventually enters the blood. However, water 

ean only leave the tubule through speeialized ehannels ealled (7) _ 

(carriers/aquaporins). The hormone (8)_(aldosterone/ADH) stimulates 

the insertion of these ehannels into the tubule eells, so this hormone promotes the production of 
(9)_(concentrated/dilute) urine. 
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12. DESCRIBE THE C0MP0NENTS AND FUNCTIONS OF THE JUXTAGLOMERULAR (JG) 

APPARATUS. 

EXERCISE 19-14: The Juxtaglomerular (JG) Apparatus (Text Fig. 19-10) 


Write the names of the different structures on the appropriate numbered lines in different eolors, 
and eolor the structures on the diagram. Use different shades of red for structures 1 to 3. (Hint: 
Blood flows from structure 1 toward structure 2.) Use a dark eolor for structure 8. Some structures 
have appeared on earlier diagrams. You may want to use the same eolor seheme. 



1 . 

2 . 

3. 

4 . 

5. 

6 . 

7. 

8 . 
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EXERCISE 19-15 

Write the appropriate term in eaeh blank from the list below. Not all terms will be used. 
renin juxtaglomerular apparatus urea EPO 

filtration tubular reabsorption tubular seeretion antidiuretic hormone 

angiotensin aldosterone 

1. An enzyme produced by the kidney _ 

2. The hormone that inereases sodium reabsorption in the 

distal tubule _ 

3. The proeess that returns useful substances in the filtrate to 

the bloodstream _ 

4. The proeess by which substances leave the glomerulus and 

enter the glomerular capsule _ 

5. The structure in the kidney that produces renin _ 

6. The hormone produced in the kidney that stimulates 

erythroeyte production by the bone marrow _ 

7. The proeess by which the renal tubule aetively moves 

substances from the blood into the nephron to be excreted _ 

8. The hormone that inereases the permeability of the eolleeting 

duct to water _ 


13, DESCRIBE THE PR0CESS OF MICTURITION, 

EXERCISE 19-16: The Male Llrinary Bladder (Text Fig. 19-11) 

Label the indieated parts. Hint: Bullet 3 labels “wrinkles” in the bladder wall. 


1 . 

2 . 

3. 

4. 

5. 

6 . 

7. 

8 . 

9. 

10. 
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EXERCISE 19-17 

Label eaeh of the following statements as true (T) or false (F). 


1. The internal urethral sphineter is formed of skeletal muscle. 

2. The external urethral sphineter is formed by the pelvie floor 
muscles. 

3. When the bladder fills with liquid, streteh reeeptors are 
aetivated. 

4. When the bladder fills with liquid, muscles in the bladder 
wall eontraet. 

5. Urination will occur when the external urethral sphineter is 
eontraeted. 


14. LIST NORMAL CONSTITUENTS OF LIRINE, 

EXERCISE 19-18 

Circle the three constituents you would expect to find in normal urine. 

1. Glucose 

2. Blood 

3. Pigment 

4. Nitrogenous waste products 

5. White blood eells 

6. Eleetrolytes 
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15. LIST THE AVENLIES FOR DAILY GAIN AND LOSS OF WATER. 


EXERCISE 19-19: Daily Gain and Loss of Water (Text Fig. 19-12) 


Write the names of the different sources of water gain and loss on 
the appropriate numbered lines in different eolors. Color the diagram 
with the eorresponding eolors. 

1 _ 

2 _ 

3 _ 

4 _ 

5 _ 

6 _ 

7_ 


VVater gain 


VVater loss 


2,500 mL/day 2,500 mL/day 


O 200 mL 


@ 700 mL 


@1,600 mL 


@ 200 mL 


@ 300 mL 


@ 500 mL 


@1,500 mL 


16. EXPLAIN H0W THIRST IS REGULATEP. 

EXERCISE 19-20 

Write the appropriate term in eaeh blank from the list below. Not all terms will be used. 
hypothalamus brain stem interstitial intracellular extracellular 

water blood plasma body fluid eoneentration body fluid volume 

1. The substance that makes up about 4% of a person’s body 

weight _ 

2. The substance that makes up 50% to 70% of a person’s body 

weight _ 

3. The part of the brain that eontrols the sense of thirst _ 

4. Term that speeifieally deseribes flmds in the mieroseopie 

spaees between eells _ 

5. The thirst eenter is stimulated when this is inereased _ 

6. The thirst eenter is stimulated when this is deereased _ 

7. Term that deseribes the fluid within the body eells _ 
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17. DESCRIBE THE ROLE OF HORMONES IN ELECTROLYTE BALANCE, 

EXERCISE 19-21 

Write the appropriate term in eaeh blank from the list below. Eaeh term will be used more than 
onee. The mrnrber of blanks indieates the number of answers for that question. 

angiotensin II (ATII) antidiuretic hormone (ADH) 

atrial natriuretic peptide (ANP) aldosterone 

1. Production inereases when blood pressure deereases _ 


2. Production inereases when blood pressure inereases 

3. Produced by the adrenal cortex 

4. Seereted by the posterior pituitary gland 

5. Produced by the heart 

6. Stimulates aldosterone and ADH production 

7. inereases potassium loss in the urine 

8. Defieieney causes diabetes insipidus 

9. Direetly or indireetly inereases water retention 


10. Aets direetly at the kidney to inerease sodium retention 
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18. DESCRIBE THREE METHODS FOR REGLILATING THE pH OF BODY FLUIDS> 

EXERCISE 19-22 

Write the appropriate term in eaeh blank below. Eaeh term will be used twice. 
buffer kidney lung 

1. After hydrogen reaets with biearbonate, this organ eliminates 

the product _ 

2. Synthesizes biearbonate _ 

3. Hemoglobin is an example _ 

4. LJndergoes a ehemieal reaetion with a hydrogen ion _ 

5. Direetly eliminates H+ ions from the body _ 

6. This organ uses up a buffer molecule every time it rids 

the body of a hydrogen ion _ 

19. REFERRING TO THE OPENING CASE STUDY f EXPLAIN THE DANGERS OF 

OVERHYDRATING. 

EXERCISE 19-23 

Write the eorreet term in eaeh blank using information from your textbook. 

Drinking too much water causes the blood eoneentration of sodium to (1)_ 

and the blood volume to (2)_. Water moves freely between the blood and 

the fluid surrounding the eells, known as (3)_. Excess fluid passing into 

body tissues causes swelling. Normally, these ehanges in blood volume and solute eoneentration 

should (4) _the production of (5) _from the 

hypothalamus/posterior pituitary, resulting in (6)_urine production and 


the restoration of homeostasis. However, these eompensations were inadequate in Ethan’s ease. 
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20. SH0W H0W W0RD PARTS ARE USED T0 BUILD W0RDS RELATED TO THE URINARY 

SYSTEM AND BODILY FLUIDS. 

EXERCISE 19-24 

Complete the following table by writing the eorreet word part or meaning in the spaee provided. 
Write a word that eontains eaeh word part in the “Example” column. 

Word Part Meaning Example 

1. _ urine, urinary traet _ 

2. ren/o _ _ 

3. _ next to _ 

4. nephr/o _ _ 

5. osmo _ _ 

6. _ within _ 

7. _ backward, behind _ 

8. _ partial, half _ 

9. poly- _ _ 

10. noet/i _ _ 
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Making the Connections 

The following eoneept map deals with the organization of the kidney. Eaeh pair of terms is linked 
together by a eonneeting phrase into a sentenee. Complete the eoneept map by hlling in the appro- 
priate term or phrase. There is one right answer for eaeh term. However, there are many eorreet 
answers for the eonneeting phrases (2, 3, 6). Bullets 12 through 15 refer to the four proeesses of 
urine formation. Figure out which bullet refers to which proeess. 


Map A 
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Map B 


The following eoneept map deals with the types of body flhhds and the soitrees of flhhd input and 
output. Eaeh pair of terms is linked together by a eonneeting phrase. Complete the eoneept map by 
hlling in the appropriate term or phrase. There is one right answer for eaeh term. However, there 
are many eorreet answers for the eonneeting phrases (4-7, 9, 11, 14, 15). 


o 


inside of eells 




outside of eells 



© 



within the 
cardiovascular 

system is 


e 





speeial 
eompartments 


© 


lost by 
the body 



0 






includes fluids 
exhaled by the 



via 

mouth 


0 


t 



0 


t 


includes urine 
produced by the 


0 


Optional Exercise: Make your own eoneept map based on the structures of the urinary system. 
Choose your own terms to ineorporate into your map, or use the following list: LJrinary system, 
kidneys, nephrons, ureters, urinary bladder, urethra, adipose capsule, renal capsule, renal pelvis, 
rugae, trigone, urinary meatus, penis, micturition, internal urethral sphineter, external urethral 
sphineter. 
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Testing Your Knowledge 

BLIILDING IINDERSTANDING 
I. MULTIPLE CHOICE 

Seleet the best answer and write the letter of your ehoiee in the blank. 

1. What is the eorreet order of urine flow from its source to the outside 

of the body? 1. 

a. urethra, bladder, kidney, ureter 

b. bladder, kidney, urethra, ureter 
e. kidney, ureter, bladder, urethra 

d. kidney, urethra, bladder, ureter 

2. What is the eorreet order of filtrate flow through the nephron? 2. 

a. nephron loop, distal tubule, proximal tubule, eolleeting duct 

b. glomerular capsule, proximal tubule, nephron loop, distal tubule 

e. proximal tubule, distal tubule, nephron loop, glomerular capsule 

d. glomerular capsule, distal tubule, proximal tubule, eolleeting duct 

3. How does ADH promote urine eoneentration? 3. 

a. It stirmdates sodium reabsorption in the proximal tubule, 
and water follows the sodium. 

b. It stirmdates the insertion of water ehannels into the eells 
of the eolleeting duct. 

e. It stiimdates the production of the medullary gradient. 

d. It stimulates renin production. 

4. The juxtaglomerular apparatus eonsists of eells in what areas? 4. 

a. proximal tubule and efferent arteriole 

b. renal artery and afferent arteriole 

e. eolleeting tubules and renal vein 

d. distal tubule and afferent arteriole 

5. Which of the following is NOT a hmetion of the kidneys? 5. 

a. red blood eell destraetion 

b. blood pressure regulation 

e. elimination of nitrogenous wastes 

d. modifieation of body fluid eomposition 

6. Which of these proeesses moves substances from the distal tubule to 

the peritubular eapillaries? 6. 

a. seeretion 

b. filtration 

e. reabsorption 

d. excretion 

7. Which of these substances would not be found in normal urine? 7. 

a. sodmm 

b. hydrogen 

e. red blood eells 
d. urea 
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8. Which of these terms deseribes the proeess of expelling urine? 8. 

a. reabsorption 

b. micturition 
e. dehydration 

d. defeeation 

9. Which of these proeesses moves substances down a pressure gradient? 9. 

a. tubular seeretion 

b. glomerular filtration 

e. tubular reabsorption 

d. urine eoneentration 

10. Which of these structures produces aldosterone? 10. 

a. hypothalamus 

b. pituitary 

e. kidney 

d. adrenal cortex 

11. Which of these ehanges would cause inereased interstitial fluid 

volume and tissue swelling? 11. 

a. inereased venous return to the heart 

b. inereased eapillary permeability 

e. inereased plasma protein eoneentration 

d. inereased plasma sodium eoneentration 

12. Which minerals are required for normal bone formation? 12. 

a. calcium 

b. phosphate 

e. neither calcium nor phosphate 

d. both calcium and phosphate 

13. Which of the following is NOT a buffer? 13. 

a. hemoglobin 

b. biearbonate 

e. oxygen 

d. phosphate 

14. Which of the following fluids is NOT in the extracellular 

eompartment? 14. 

a. eytoplasm 

b. eerebrospinal fluid 

e. lymph 

d. interstitial fluid 


380 Unit 5 Energy: Supply and IJse 


II. C0MPLETI0N EXERCISE 

Write the word or phrase that eorreetly eompletes eaeh sentenee. 

1. A negatively eharged ion is ealled a(n)_ 

2. The reeeptors that deteet an inerease in body flihd eoneentration are ealled 

i • 

3. The ion that plays the largest role in maintaining body fluid vohtme is 

4. When the bladder is empty its lining is thrown into the folds known as 

i • 

5. The vessel that brings blood to the glomerulus is the_ 

6. Water balanee is partly regulated by a thirst eenter loeated in a region of the brain ealled the 

7. The distal tubule empties its fluid into the_ 

8. The hormone that deereases blood volume is_ 

9. Fluid passes from eapillaries into the glomerular capsule of the nephron by the proeess of 

■ • 

10. The eapillaries involved in filtration are ealled the_ 

11. The eapillaries that surround the nephron are ealled the_ 

12. The kidney proeess that ahvays requires aetive transport is_ 

21. IJNDERSTANDING C0NCEPTS 
I. TRLIE/FALSE 

For eaeh question, write T for true or F for false in the blank to the left of eaeh number. If a state- 
ment is false, eorreet it by replaeing the underlined term and write the eorreet statement in the 
blanks below the question. 

_ 1. Excessive water loss in the urine could be caused by a defieieney of the hypotha- 

lamie hormone erythropoietin . 


2. The movement of hydrogen ions from the peritubular eapillaries into the distal 
tubule is an example of tubular seeretion. 
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3. The exhalation of earbon dioxide makes the blood more aeidie. 


4. Urine with a speeifie gravity of 0.05 is more eoneentrated than urine with a speeifie 
gravity of 0.04. 


5. Aldosterone tends to deerease the amount of urine produced. 


6. Voluntary eontrol of urination involves the internal urethral sphineter. 


7. The triangular-shaped region in the floor of the bladder is ealled the renal pelvis. 


8. Most water loss occurs through the aetions of the digestive system. 


9. The flmds found in joint capsules and in the eyeball are examples of extracellular 
fluids. 


10. The portion of the nephron ealled the juxtaglomerular apparatus is responsible for 
ereating the medullary gradient. 


II. PRACTICAL APPLICATI0NS 

Study eaeh discussion. Then write the appropriate word or phrase in the spaee provided. 

> Group A 

1. Ms. S, age 26, was teaehing English in mral India. She developed severe diarrhea, probably as 
a result of a questionable pakora from a road-side stand. On admission to a hospital, she was 
found to be seriously dehydrated. Ms. S’s blood will eontain high levels of a hormone synthe- 

sized by the hypothalamus ealled_ 

2. The physieian’s first eoneern was to inerease Ms. S’s plasma volume. Her fluid defieit was 
addressed by administering a 0.9% sodium ehloride solution. This solution eontains the same 

eoneentration of solutes as Ms. S’s eells and is thus termed_ 

3. Next a nurse assistant tested the pH of Ms. S’s blood. The normal pH range of blood is 
■ • 

4. Ms. S’s blood pH was found to be abnormal, and sodium biearbonate was added to her IV. 
Biearbonate is an example of a substance that helps maintain a eonstant pH. These sub- 

stanees are known as_ 
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> Group B 

1. Yoimg S, aged 1, was brought to the hospital with an enlarged abdomen. His blood pressure 
was shown to be extremely high, a disorder that ean result from inereased renin production. 

Renin is produced by a speeialized region of the kidney ealled the_• 

2. S was administered a medieation that bloeks renin aetion. Renin normally aetivates a sub- 

stanee ealled_• 

3. Further testing showed that S was suffering from the irreversible loss of the small units of the 

kidney that produce urine. These units are the_• 

4. S’s enlarged abdomen resulted from the accumulation of fluid between eells. This type of 

fluid is most accurately deseribed as_• 

5. S was also quite lethargie, due to a defieieney in red blood eells. This defieieney probably 

refleets the faet that the kidney synthesizes a hormone ealled_• 

III. SHORT ESSAYS 

1. Compare and eontrast the proeesses of filtration and seeretion. Name at least one similarity 
and two differenees. 


2. Explain why breath holding will inerease blood aeidity, and how the kidney would respond 
to repeated episodes of breath holding. 
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22. CONCEPTUAL THINKING 


1. Ms. W has just eaten a large bag of salty popeorn. Her blood is now too salty and must be 
diluted. Is it possible for the kidney to inerease water reabsorption without inereasing salt 
absorption? Explain. 


2. Mr. R is taking penieilbn to cure a throat infeetion. He must take the drug frequently because 
the kidney elears penieilbn very effieiently. That is, all of the penieilbn that enters the renal 
artery leaves the kidney in the urine. However, only some penieillin molecules will be filtered 
into the glomerular capsule. How ean the kidney excrete all of the penieillin it reeeives? 


3. Ms. J is stranded on a desert island with limited water supplies. 

A. How will the volume and eoneentration of her body flmds ehange? 


B. How will her hypothalamus and pituitary gland respond to these ehanges? 


C. What will be the net effeet of these responses? 
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4. Your summer researeh projeet is to design new dmgs to alter blood pressure by altering water 
retention and thus blood volume. You know that inereasing blood volume inereases blood 
pressure and viee versa. You test three different compounds, bsted below. Prediet the effeet of 
eaeh compound on blood pressure, and defend your answer. 

(Note: Agonists mimie the effeet of the hormone, and antagonists bloek the effeet of the 
hormone). 

a. an antidiuretic hormone (ADH) agonist 


b. an aldosterone antagonist 


e. an atrial natriuretic peptide (ANP) agonist 


d. an angiotensin II (ATII) antagonist 


Expanding Your Horízons 

How much salt do you eat in a day? The average Ameriean consumes far more salt than the reeom- 
mended 1100 to 3300 mg/d. One frozen entree, for instanee, ean eontain 700 mg of salt or more! 
Traek your salt intake over a few days, and see how you eompare. Use the nutritional labels on 
prepared foods and this Web site below to gauge the sodium eontent of different foods. 

■ USDA National Nutrient Database for Standard Referenee, Release 17. Available at 
http://www.nal.usda.gov/fnic/foodcomp/Data/SR17/wtrank/srl7a307.pdf 





CHAPTER 20 


► The Male and Female Reproductive Systems 




CHAPTER 21 


► 


Development and Heredity 



























Overvievv 


Reproduction is the proeess by which 
life continues. Human reproduction 
is sexual; that is, it requires the union 
of two different germ eells or gametes. 
(Some simple forms of life ean repro- 
duce without a partner in the proeess 
of asexual reproduction.) These germ 
eells, the spermatozoon in males and 
the ovum in females, are formed by 
meiosis, a type of eell division in which 
the ehromosome number is reduced by 
half. When fertilization occurs and the 
gametes eombine, the original ehromo- 
some number is restored. 

The gonads manufacture the gam- 
etes and also produce hormones. These 
aetivities are continuous in the male but 
eyelie in the female. The male gonad is 
the testis. The remainder of the male 
reproductive traet eonsists of passage- 
ways for storage and transport of sper- 
matozoa; the male organ of copulation, 
the penis; and several glands that eon- 
tribute to the production of semen. 

The female gonad is the ovary. The 
ovum released eaeh month at the time 
of ovulation travels through the uterine 
tubes to the uterus, where the ovum, 
if fertilized, develops. If no fertilization 
occurs, the ovum, along with the built-up 
lining of the uterus, is eliminated through 
the vagina as the menstraal flow. 

Reproduction is under the eontrol 
of hormones from the anterior pitu- 
itary, which in turn is eontrolled by 
the hypothalamus of the brain. These 
organs respond to feedbaek meeha- 
nisms, which maintain proper hor- 
mone levels. 

Aging causes ehanges in both the 
male and female reproductive systems. 
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A gradual deerease in male hormone production begins as early as age 20 and continues throughout 
life. In the female, a more sudden deerease in aetivity occurs between ages 45 and 55 and ends in 
menopause, the eessation of menstruation and of the ehildbearing years. 


Addressing the Learning Objeetives 

1. IDENTIFY THE MALE AND FEMALE GAMETES, AND STATE THE PIJRPOSE 0F MEIOSIS. 
EXERCISE 20-1 

Label eaeh of the following statements as true (T) or false (F). Exercise 20-4 discusses the male and 
female gametes. 

1. Meiosis occurs only in germ eells. - 

2. The eells formed by meiosis have the same number 

of ehromosomes as does the parent eell. _ 
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2. NAME THE ACCESSORY ORGANS AND GONADS OF THE MALE REPRODUCTIVE SYSTEM, 
AND CITE THE FUNCTI0N OF EACH. 


Also see Exercise 20-13. 

EXERCISE 20-2: Male Reproductive System (Text Fig. 20-1) 

1. Write the name of eaeh structure on the appropriate lines in different eolors. Use the same eolor 
for structures 5 and 6. Use blaek for structures 7 and 12, because they will not be eolored. 

2. Color the structures on the diagram. 
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EXERCISE 20-3: Cross-Section of the Penis (Text Fig. 20-2) 

1. Write the names of the parts on the appropriate lines in different eolors. When possible, use 
the same eolors as in Exercise 20-2. (Hint: the nerve is solid, and the veins have larger lumens). 

2. Color the structures on the diagram. 


1 . 

2 . 

3. 

4 . 

5. 

6 . 

7. 

8 . 

9. 

10. 
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EXERCISE 20-4: Structure of the Testis (Text Fig. 20-3A and B) 

1. Write the names of the parts on the appropriate lines in different eolors. IJse blaek for structures 
1 and 4 because they will not be eolored. IJse the same eolor for structures 3 and 12 and related 
eolors for structures 8 through 10. 

2. Color the structures on both diagrams. 




1 . 

2 . 

3. 

4. 

5. 

6 . 

7. 


8 . 

9. 

10 . 

11 . 

12 . 

13 . 


© © © O O 
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EXERCISE 20-5 

Write the appropriate term in eaeh blank from the list below. 
interstitial eell sustentacular eell spermatozoon 

corpus spongiosum corpus cavernosum prepuce 

1. A eell that nourishes and proteets developing spermatozoa 

2. A eell that seeretes testosterone 

3. The mature male gamete 

4. The portion of the penis eontaining the urethra 

5. This structure is removed by circumcision 

6. The penis eontains two of this structure 


3. DESCRIBE THE C0MP0SITI0N AND FUNCTI0N 0F SEMEN, 
EXERCISE 20-6 

In the spaees below, list hve hmetions of semen. 

1 _ 

2 _ 

3 _ 

4 _ 

5 _ 
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4. DRAW AND LABEL A SPERMATOZOON. 

EXERCISE 20-7: Diagram of a Human Spermatozoon (Text Fig. 20-4) 


1. Write the names of the parts on the appropriate lines in different eolors. Use blaek for structures 
1 to 3 because they will not be eolored. 


2. Color the structures on the diagram. 
1 _ 

2 _ 

3 _ 

4 _ 

5 _ 

6 ._ 

7_ 



5. IDENTIFY THE TW0 HORMONES THAT REGLILATE THE PR0DUCTI0N AND 
DEVELOPMENT OF THE MALE GAMETES. 

EXERCISE 20-8 

Write the name of the appropriate hormone in eaeh blank. Eaeh hormone may be used more than 
onee. Note that questions 1 and 5 have two blanks because the statement applies to two hormones. 

testosterone luteinizing hormone follicle-stimulating hormone 

1. Produced by the anterior pituitary gland _ 

2. Produced by the testicular interstitial eells _ 

3. Stimulates testicular interstitial eells _ 

4. Stimulates testosterone production _ 

5. Stimulates the formation and development of spermatozoa _ 

6. Direetly stimulates the development of seeondary sex 

eharaeteristies _ 

7. Stimulates sustentacular eells to produce growth faetors _ 
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6. NAME THE ACCESS0RY ORGANS AND GONADS OF THE FEMALE REPRODUCTIVE 
SYSTEM, AND CITE THE FUNCTION OF EACH. 

EXERCISE 20-9: Female Reproductive System (Sagittal View) (Text Fig. 20-6A) 

Label the indieated parts. 



















Sagittal view 

1 _ 

2 _ 

3 _ 

4 _ 

5 _ 

6 ._ 

7 _ 

8 _ 

9 _ 


10 . 

11 . 

12 . 

13. 

14. 

15. 
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EXERCISE 20-10: Female Reproductive System (Frontal View) (Text Fig. 20-6B) 

Label the indieated parts. 



Frontal view 





10 . 



n. 



12 . 



13. 



14. 


7 _15. 

8 _ 
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EXERCISE 20-11: External Parts of the Female Reproductive System (Text Fig. 20-7) 

Label the indieated parts. 

1 . 

2 . 

3. 

4. 

5. 

6 . 

7. 

8 . 

9. 

10 . 

EXERCISE 20-12 

Write the appropriate term in eaeh blank from the list below. Not all terms will be used. Note that 
this exercise discusses both male and female structures. 

epididymis vas deferens seminal vesiele prostate gland ejaculatory duct 

fimbriae uterine tube bulbourethral gland greater vestibular gland seminiferous tubule 

1. One of the two glands that seerete a thiek, yellow, alkaline 

seeretion _ 

2. The gland that seeretes a thin alkaline seeretion and that ean 

eontraet to aid in ejaculation _ 

3. The eoiled tube in which spermatozoa are stored 

as they mature and beeome motile _ 

4. The tube that transports the female germ eells _ 

5. Fringelike extensions that sweep the ovum into the 

uterine tube _ 

6. A gland in the female reproductive traet that seeretes into 

the vagina _ 

7. A duct in the male that empties into the urethra _ 

8. A gland loeated inferior to the prostate that seeretes 

mucus during sexual stimulation _ 
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EXERCISE 20-13 

Write the appropriate term in eaeh blank from the list below 

cervix myometrium fundus rectouterine pouch 

perineum endometrmm posterior fornix hymen 

1. The most inferior portion of the peritoneal eavity _ 

2. The vaginal region around the cervix _ 

3. The speeialized tissue that lines the uterus _ 

4. The small, rounded part of the uterus loeated above the 

openings of the uterine tubes _ 

5. A fold of membrane found at the opening of the vagina _ 

6. The neeklike part of the uterus that dips into the upper vagina _ 

7. The muscular wall of the uterus _ 

8. The pelvie floor, espeeially the region between the vaginal 

opening and the anus _ 
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7. IN THE C0RRECT ORDER, LISTTHE HORMONES PRODUCED DURING THE MENSTRUAL 
CYCLE, CITING THE SOURCE AND FUNCTION OF EACH. 


EXERCISE 20-14: The Menstmal Cycle (Text Fig. 20-9) 

1. Name the three phases of the female reproductive eyele (bullets 1 to 3) and the uterine eyele 
(bullets 11 to 13). 

2. Identify the hormone responsible for eaeh of the mtmbered lines (bullets 4, 5, 9, 10), and write 
the hormone names on the appropriate lines in different eolors. Traee over the lines in the graph 
with the eorresponding eolors. 

3. Identify structures 6 through 8 by writing the appropriate term on eaeh line. 


1 . 

2 . 

3. 

4. 

5. 

6 . 

7. 

8. 

9. 

10 . 

11 . 

12 . 

13. 
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EXERCISE 20-15 

Write the appropriate term in eaeh blank from the list below. Not all terms will be used. 
luteinizing hormone follicle-stimulating hormone estrogen progesterone 

corpus luteum ovulation menstraation 

1. A hormone that is produced only during the postovulatory 

phase of the menstraal eyele _ 

2. An ovarian hormone that is produced during the preovulatory 

and postovulatory phases of the menstraal eyele _ 

3. Diseharge of an ovum from the surface of the ovary _ 

4. The hormone that stimulates the development of the eells 

surrounding the ovum _ 

5. The structure formed by the ruptured folliele after ovulation _ 

6. The phase of the menstraal eyele when the endometrium 

is degenerating _ 

8. DESCRIBE THE CHANGES THAT 0CCUR DLIRING AND AFTER MEN0PAUSE> 

EXERCISE 20-16 

In the spaees below, write hve different ehanges that may be assoeiated with menopause. 

1_ 

2 _ 

3 _ 

4 _ 

5 _ 
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9. CITE THE MAIN METHODS OF BIRTH C0NTR0L IN USE, 

EXERCISE 20-17 

Write the appropriate term in eaeh blank from the list below. Not all terms will be used. 

IUD birth eontrol pateh birth eontrol ring vaseetomy 

tubal ligation eondom diaphragm 

1. A method used to administer estrogen and progesterone 

through the skin _ 

2. A deviee implanted into the uterus that prevents fertilization 

and implantation _ 

3. A rubber eap fitted over the cervix _ 

4. The birth eontrol method that is also highly effeetive against 

sexually transmitted infeetions _ 

5. A method used to administer birth eontrol hormones internally _ 

6. A surgical method of birth eontrol in females _ 

10. LISING THE TEXT AND INFORMATION IN THE CASE STUDY f DISCUSS POSSIBLE 

CAUSES 0F INFERTILITY IN MEN AND W0MEN. 

EXERCISE 20-18 

Name three possible causes of female infertility and two possible causes of male fertility mentioned 
in the ease study. 

Females: 


Males: 
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11. SH0W H0W W0RD PARTS ARE USED TO BUILD W0RDS RELATED TO THE 

REPRODUCTIVE SYSTEMS. 

EXERCISE 20-19 

Complete the following table by writing the eorreet word part or meaning in the spaee provided. 
Write a word that eontains eaeh word part in the “Example” column. 

Word Part Meaning Example 

1 _ extreme end _ 

2. reet/o _ _ 

3. 

4. metr/o _ 

5. fer _ 

6. test/o _ 

7_ovary 

8. circum- _ 
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Making the Connections 

The following eoneept map deals with the female reproductive system. Eaeh pair of terms is linked 
together by a eonneeting phrase. Complete the eoneept map by hlling in the appropriate term or 
phrase. There is one right answer for eaeh term (1, 3, 5, 10). However, there are many eorreet 
answers for the eonneeting phrases. 


Anterior pituitary 


Synthesizes 




FSH 

> 

0 

follieles 





ovulation 


Releases 
the steroid 
hormone 





Stimiilates the proliferation 
of the uterine lining, or 


© 








corpus 

luteum 


Releases 

estrogen 

and 

another 

steroid 

hormone 

ealled 





menstruation 


Optional Exercise: Make your own eoneept map based on male reproductive anatomy and physiol- 
ogy. Use the following terms and any others you would like to include: spermatozoon, testosterone, 
testis, FSH, LH, interstitial eell, epididymis, ductus deferens, seminiferous tubule, sustentacular 
eell, prostate gland, bulbourethral gland, and penis. 
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Testing Your Knowledge 

BLIILDING IINDERSTANDING 
I. MULTIPLE CH0ICE 

Seleet the best answer. 

1. Which of these hormones is seereted by the corpus luteum 

in large amounts? 1. 

a. testosterone 

b. progesterone 

e. FSH 

d. LH 

2. Which of the following is NOT part of the uterus? 2. 

a. fimbriae 

b. cervix 

e. endometrium 

d. corpus 

3. In the walls of which structure do spermatozoa develop? 3. 

a. prostate gland 

b. penis 

e. seminal vesieles 

d. seminiferous tubules 

4. Which of these structures is a gland? 4. 

a. corpus cavernosum 

b. seminal vesiele 

e. ductus deferens 

d. epididymis 

5. Which of these structures forms the glans penis? 5. 

a. corpus spongiosum 

b. corpus cavernosum 

e. pubic symphysis 

d. vas deferens 

6. Which of these hormones stimulates ovulation? 6. 

a. folliele stimulating hormone 

b. luteinizing hormone 

e. progesterone 

d. testosterone 

7. Which of these structures houses the developing ovum? 7. 

a. corpus luteum 

b. sustentacular eells 

e. interstitial eells 
d. ovarian folliele 
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8. Which of the following glands is foirnd in the female? 

a. greater vestibular glands 

b. seminal vesieles 
e. Cowper glands 

d. prostate 

9. Which of these substances is normally absent from semen? 

a. seminal fluid 

b. sugar 

e. a high eoneentration of hydrogen ions 
d. sperm 

II. C0MPLETI0N EXERCISE 

Write the word or phrase that eorreetly eompletes eaeh sentenee. 

1. The enzyme-eontaining eap on the head of a spermatozoon is ealled the 

2. The hormone that promotes development of spermatozoa in the male and development of ova 

in the female is_ 

3. The proeess of eell division that reduces the ehromosome number by half is 

4. The testes are eontained in an external sae ealled the_ 

5. The main male sex hormone is_ 

6. The pelvie floor in both males and females is ealled the_ 

7. The hormone that sthmdates ovulation is_ 

8. In the male, the tube that earries urine away from the bladder also earries sperm eells. This tube 

is the_ 

9. A thin, alkaline fluid is seereted into the urethra from the_ 

10. The surgical removal of the foreskin of the penis is ealled_ 


9. 


10 . 
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LINDERSTANDING C0NCEPTS 
I. TRUE/FALSE 

For eaeh statement, write T for true or F for false in the blank to the left of eaeh number. If a state- 
ment is false, eorreet it by replaeing the underlined term, and write the eorreet statement in the 
blanks below the statement. 

_1. A low ability to reproduce is ealled sterility . 


2. The urethra is eontained in the corpus spongiosum of the penis. 


3. The most superior region of the uterus is the fundus. 


4. Gametes are produced by the proeess of mitosis . 


5. The peritoneal folds that separate the female pelvis into anterior and posterior portions 
are ealled the broad ligaments . 


6. Progesterone levels are highest during the preovulatory phase of the menstrual eyele. 


7. The uterine phase following menstruation is the seeretory phase . 


8. A defieieney in luteinizing hormone would result in testosterone defieieney. 


II. PRACTICAL APPLICATIONS 

Study eaeh discussion. Then write the appropriate word or phrase in the spaee provided. 

> Group A 

1. Ms. J, age 22, eomplained of painful menstrual eramps and excessive menstraal flow. The 
eramps result from excessive eontraetions of the smooth muscle layer of the uterus, known as 

the_ 

2. Menstraation is the shedding of the uterine layer ealled the_ 

3. The physieian suggested an antiinflammatory medieation, but Ms. J had previously tried medi- 
eation to no avail. An alternate approaeh was tried in which the passageway between the vagina 
and the uterus was artifieially dilated. The part of the uterus eontaining this passageway is the 
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> Group B 

1. Mr. and Ms. S, both age 35, had been trying to eoneeive for two years with no suc- 
eess. Analysis of Mr. S’s semen revealed a low eoneentration of the male gametes, known 

as_ 

2. Blood tests were performed, revealing a defieieney in the pituitary hormone that aets on susten- 

tacular eells. This hormone is ealled_ 

3. Conversely, testosterone production was normal. The eells that produce testosterone are 

ealled_ 

4. Mr. S’s hormone defieieney was successfully treated, and Mr. and Ms. S beeame the proud par- 
ents of triplets. Mr. S went to the elinie shortly after the birth, and his ductus deferens was cut 

bilaterally. This method of birth eontrol is ealled a(n)_ 

III. SHORT ESSAYS 

1. Discuss ehanges occurring in the ovary and in the uterus during the preovulatory phase of the 
menstraal eyele. 


2. Compare and eontrast the male and female gametes. Discuss their structure and their 
production. 


C0NCEPTUAL THINKING 


1. Mr. S is taking synthetie testosterone in order to improve his wrestling performanee. To his 
alarm, he notiees that his testieles are shrinking. Explain why this is happening. 


2. Compare and eontrast the role of FSH in the regulation of the male and female gonads. 
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Expanding Your Horízons 

Have you heard of kamikaze sperm? Based on studies in animals, some animal behavior researeh- 
ers have hypothesized that semen eontains a population of spermatozoa that is eapable of destroy- 
ing spermatozoa from a eompeting male. A “sperm team” eontains bloekers, which are misshapen 
spermatozoa with multiple tails and/or heads. Other sperm, the kamikaze spermatozoa, seek out 
and destroy spermatozoa from other males. A very small population of egg-getting spermatozoa 
attempt to fertilize the ovum. Although some aspeets of this hypothesis have been ehallenged, the 
presenee of sperm subpopulations is now well established. You ean read more about the kamikaze 
sperm hypothesis in the seientihe artieles listed below. The full text of eaeh artiele is freely available 
on the Internet; do a website seareh for the author and a few words of the title. 

■ Baker RR, Bellis MA. Elaboration of the Kamikaze sperm hypothesis: a reply to Harcourt. Anim Behav 1989;37:865-867. 

■ Martin R. Kamikaze sperms or flawed products? Psyehol Today 2013. Available at: http://www.psychologytoday.com/blog/ 
how-we-do-it/201310/kamikaze-sperms-or-flawed-products 

■ Moore HD, Martin M, Birkhead TR. No evidenee for killer sperm or other seleetive interaetions between human 
spermatozoa in ejaculates of different males in vitro. Proe R Soe Lond B Biol Sei 1999;266:2343-2350. 
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Overvievv 

Pregnaney begins with fertilization of 
an ovum by a spermatozoon to form a 
zygote. This single eell divides to pro- 
duce a blastoeyst, which implants in the 
uterus. Over the next 38 weeks of ges- 
tation, the offspring develops fìrst as an 
embryo and then as a fetus. During this 
period, it is nourished and maintained 
by the plaeenta, formed from tissues 
of both the mother and the embryo. 
The plaeenta seeretes a number of hor- 
mones, including progesterone, estro- 
gen, human ehorionie gonadotropin, 
human plaeental laetogen, and relaxin. 
These hormones induce ehanges in the 
uterus and breasts to support the preg- 
naney and prepare for ehildbirth and 
milk production. 

Childbirth or parturition occurs 
in four stages, beginning with eon- 
traetions of the uterus and dilation of 
the cervix. Subsequent stages include 
expulsion of the infant, expulsion of 
the afterbirth, and eontrol of bleeding. 
Several hormones, including prolaetin 
and oxytocin, stimulate milk produc- 
tion, or laetation. Removal of milk 
from the breasts is the stimulus for 
continued production. 

The seientifìe study of heredity has 
advaneed with amazing speed in the 
past 50 years. Nevertheless, many 
mysteries remain. Gregor Mendel was 
the fìrst person known to have earried 
out formal experiments in geneties. 
He identifìed independent units of 
heredity, which he ealled faetors and 
which we now eall genes. 

The ehromosomes in the nucleus of 
eaeh eell are eomposed of a complex 
molecule, DNA. This material makes 
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up the many thousands of genes that determine a person’s traits and are passed on to offspring at 
the time of fertilization. We saw in Chapter 3 that DNA direets the formation of proteins. Many 
proteins are enzymes, which in turn make possible all the ehemieal reaetions of metabolism. Other 
proteins serve structural roles. Some human traits are determined by a single pair of genes (one 
gene from eaeh parent), but most are eontrolled by rmdtiple pairs of genes aeting together. 

An allele is a particular version of a gene. Alleles may be elassihed as dominant or reeessive. If 
one parent contributes a dominant allele, then any offspring who reeeives that allele will show the 
trait (e.g., PTC tasting). Traits earried by reeessive alleles may remain hidden for generations and 
be revealed only if they are contributed by both parents (e.g., siekle eell anemia). 


Addressing the Learning Objeetives 

1. DESCRIBE FERTILIZATION AND THE EARLY DEVELOPMENT 0F THE FERTILIZED EGG. 
EXERCISE 21-1 

Write the appropriate term in eaeh blank from the list below. Not all terms will be used. 
gestation zygote embryo 

blastoeyst momla trophoblast 

fetus ovum inner eell mass 

1. The fertilized egg _ 

2. The developing offspring from the third month until birth _ 

3. The entire period of development in the uterus _ 

4. The structure that implants in the uterus _ 

5. The developing offspring from implantation until the 

third month _ 

6. The small ball of eells that develops from the zygote _ 

7. The eells of the blastoeyst that divide to form the baby _ 

8. One of the blastoeyst eells that divides to form the plaeenta 

and other supporting tissues _ 
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2. DESCRIBE THE STRUCTURE AND FUNCTION OF THE PLACENTA> 

Also see Exercise 21-3. 

EXERCISE 21-2 

Write the appropriate term in eaeh blank from the list below. 
ehorion venous sinuses ehorionie villi 

decidua umbilical artery umbilical vein 

1. The maternal contribution to the plaeenta 

2. A vessel that earries oxygen-poor blood in the umbilical eord 

3. A vessel that earries oxygen-rich blood in the umbilical eord 

4. Projeetions of the fetal portion of the plaeenta eontaining fetal 
eapillaries 

5. Channels in the plaeenta eontaining maternal blood 

6. The fetal tissue contributing to the plaeenta 
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3. DESCRIBE H0W FETAL CIRCULATION DIFFERS FROM ADULT CIRCULATION. 


Also see Exercise 21-5. 

EXERCISE 21-3: Fetal Circulation (Text Fig. 21-2) 

1. Write the name of eaeh labeled part of the fetal circulation and plaeenta on the mtmbered lines 
on the next page. The structures identified by empty bullets are labeled elsewhere in the dia- 
gram, so you need to write in the eorreet number. 

2. Color the legend boxes red (high oxygenation), purple (medium oxygenation), and blue (low 
oxygenation). 

3. Color the blood vessels on the diagram based on the oxygen eontent of the eontained blood. 


Blood oxygenation: 



o 
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1 . 

2 . 

3. 

4. 

5. 

6 . 

7. 

8 . 


9. 

10 . 

11 . 

12 . 

13. 

14. 

15. 

16. 


4. NAME FIVE HORMONES ACTIVE DLIRING PREGNANCY, AND DESCRIBE THE FUNCTI0N 
OFEACH. 

EXERCISE 21-4 

Write the appropriate term in eaeh blank from the list below. 

progesterone relaxin estrogen 

human plaeental laetogen human ehorionie gonadotropin 

1. The hormone that loosens the pubic symphysis and softens 

the cervix for parturition _ 

2. A hormone that prepares the breasts for laetation and inereases 

glucose availability for the fetus _ 

3. A plaeental hormone that stimulates progesterone synthesis 

and is deteeted by pregnaney tests _ 

4. The hormone produced by the corpus luteum and the plaeenta 
that inhibits uterine eontraetions and prepares the breasts for 

laetation _ 


5. The hormone produced by the corpus luteum and the plaeenta 
that stinmlates growth of the breasts and uterus 
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5. BRIEFLY DESCRIBE THE CHANGES THAT 0CCUR IN THE EMBRYO, FETUS, AND 
MOTHER DURING PREGNANCY. 

EXERCISE 21-5: Midsagittal Seetion of a Pregnant Uterus (Text Fig. 21-5) 

Write the name of eaeh labeled part on the numbered lines. 




10 . 



11 . 



12 . 



13. 



14. 
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EXERCISE 21-6 

Write the appropriate term in eaeh blank from the list below. Not all terms will be used. 
vernix easeosa ultrasonography ductus venosus eleetroeardiography 

ductus arteriosus foramen ovale amniotie sae 

1. The structure that surrounds the developing offspring and 

serves as a proteetive cushion _ 

2. A small vessel joining the pulmonary artery to the deseending 

aorta _ 

3. A small hole in the atrial septum of the fetus _ 

4. The eheeselike material that proteets the skin of the fetus _ 

5. A technique eommonly used to monitor fetal development _ 

6. The small vessel that enables blood to bypass the liver _ 

6. BRIEFLY DESCRIBE THE F0UR STAGES OF LABOR. 

EXERCISE 21-7 

Write the appropriate term in eaeh blank from the list below. Not all terms will be used. 
oxytocin episiotomy prostaglandin eortisol 

negative feedbaek positive feedbaek fraternal identieal 

first stage seeond stage third stage fourth stage 

1. A fetal hormone that inhibits maternal progesterone seeretion 

and stirmdates uterine eontraetions _ 

2. The hormone that ean initiate labor and stimulate milk 

ejeetion _ 

3. A substance produced by the myometrium that stimulates 

uterine eontraetions _ 

4. The stage of labor that begins when the cervix is eompletely 

dilated _ 

5. The stage of labor that ends with the expulsion of the 

afterbirth _ 

6. The stage of labor in which both the baby and the afterbirth 

have been expelled _ 

7. The stage of labor during which the cervix dilates _ 

8. The form of feedbaek regulating oxytocin seeretion _ 

9. The term deseribing twins that share a plaeenta _ 

10. The term deseribing twins developing from different 

fertilized ova _ 
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7. NAME FIVE HORMONES ACTIVE IN LACTATION f AND DESCRIBE THE ACTI0N OF EACH, 

Also see Exercise 21-4. 

EXERCISE 21-8 

Fill in the blank after eaeh statement—does it apply to prolaetin (P) or oxytocin (O)? 

1. Produced by the anterior pituitary gland _ 

2. Produced by the posterior pituitary gland _ 

3. Stimulates milk duct eontraetion _ 

4. Stimulates milk production _ 

5. Also stimulates the uterine eontraetions of ehildbirth _ 

EXERCISE 21-9: Seetion of the Breast (Text Fig. 21-10) 

Write the name of eaeh labeled part on the nmnbered lines. 

1_ 

2 _ 

3 _ 

4 _ 

5 _ 

6 _ 

7. 
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8. CITE THE ADVANTAGES OF BREAST-FEEDING, 

EXERCISE 21-10 

Briefly summarize four advantages of breast-feeding in the spaees below. 

1 ._ 

2 ._ 

3. _ 

4. _ 

9. DEFINE A GENE, AND BRIEFLY DESCRIBE H0W GENES FUNCTI0N, 

EXERCISE 21-11 

Label eaeh of the following statements as tme (T) or false (F). 

1. Genes are segments of proteins. _ 

2. Genes eontain the blueprints to make proteins. _ 

3. Genes are eomposed of DNA. _ 

4. Genes eode for speeifie traits. _ 

5. Humans have 46 autosomes. _ 

6. Humans have 46 ehromosomes. _ 

10. EXPLAIN THE RELATIONSHIP BETWEEN GENOTYPE AND PHENOTYPE FOR 

DOMINANT AND RECESSIVE ALLELES. 

EXERCISE 21-12 

Write the appropriate term in eaeh blank from the list below. Not all terms will be used. 
heterozygous homozygous autosome sex ehromosome 

earrier reeessive dominant allele 

1. One version of a speeifie gene _ 

2. Term deseribing an allele that expresses its effeet only if 

homozygous _ 

3. An allele pair eonsisting of two dominant or two reeessive alleles _ 

4. Any ehromosome except the X and Y ehromosomes _ 

5. Term deseribing any allele pair eomposed of two different alleles _ 

6. Term deseribing an allele that expresses its effeet if homozygous 

or heterozygous _ 


415 


7. Term deseribing an individual heterozygous for a reeessive trait 
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EXERCISE 21-13 

Fill in the blank after eaeh statement—does it apply to a phenotype (P) or a genotype (G)? 

1. The genetie makeup of an individual _ 

2. The eharaeteristies that ean be observed and/or measured _ 

3. Eye eolor _ 

4. Homozygous dominant _ 

5. Blood type _ 

6. Heterozygous _ 

11. EXPLAIN H0W CHR0M0S0MES ARE DISTRIBLITED IN MEIOSIS, 

EXERCISE 21-14 

Label eaeh of the following statements as true (T) or false (F). 

1. Following meiosis, eaeh reproductive eell eontains 

46 ehromosomes. _ 

2. Following meiosis, eaeh reproductive eell eontains 

23 ehromosomes. _ 

3. Some reproductive eells eontain all of the maternal 
ehromosomes, while other reproductive eells eontain 

all of the paternal ehromosomes. _ 

4. Eaeh reproductive eell eontains a mix of maternal and 

paternal ehromosomes. _ 

5. DNA replieation always preeedes meiosis. _ 

6. Meiosis involves two separate eell divisions. _ 

7. The paternal and maternal ehromosomes separate into 

separate eells after the seeond meiotie division. _ 
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12. PERFORM A GENETIC CR0SS USING A PUNNETT SQUARE> 

EXERCISE 21-15 

Progressive retinal atrophy (PRA) is a eommon cause of blindness in dogs. PRA is an autosomal 
reeessive trait. 

1. Complete this Punnett square based on the mating between a heterozygous female and an 
homozygous reeessive male. Use Figure 21-13 in your textbook to guide you. Possible options 
for the genotype are PP, Pp, or pp. Possible options for the phenotype are Normal, Carrier, or 
Disease. The possible parental alleles and some of the answers have already been added. 



Mother 

p 

p 

Father 

p 

Genotype: 

Genotype: 

Phenotype: normal 

Phenotype: 

p 

Genotype: 

Genotype: pp 

Phenotype: 

Phenotype: 


2. What is the probability (in a pereentage) that a pup will have PRA?_ 

3. What is the probability (in a pereentage) that a pup will be homozygous dominant? 


13. EXPLAIN H0W SEX IS DETERMINED IN HUMANS AND H0W SEX-LINKED TRAITS 

ARE INHERITED. 

EXERCISE 21-16 

Fill in the blank after eaeh example—would the genotype result in a female phenotype (F) or a 
male phenotype (M), assuming that development proeeeds normally? 


1. Union between an X sperm and an X ovum 

2. Union between a Y sperm and an X ovum 
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EXERCISE 21-17 

Fill in the blank after eaeh statement—does it refer to sex-linked traits (S) or autosomal (non-sex- 
linked) traits (A)? 

1. A trait earried on the Y ehromosome _ 

2. A trait earried on the X ehromosome _ 

3. A trait earried on ehromosomes other than the X or Y 

ehromosomes _ 

4. A trait for which males or females ean be earriers _ 

5. A trait for which only females ean be earriers _ 


14. LIST THREE FACT0RS THAT MAY INFLUENCE THE EXPRESSION OF A GENE. 

EXERCISE 21-18 

In the spaees below, list three faetors that influence gene expression. 

1 _ 

2 _ 

3_ 

15. DEFINE MLITATION, 

EXERCISE 21-19 

In the spaees below, dehne miitation and mutagen. In your dehnition of mutation, deseribe some 
different types of mutations. 

1. Mutation: 


2. Mutagen: 
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16. EXPLAIN THE PATTERN OF MIT0CH0NDRIAL INHERITANCE, 

EXERCISE 21-20 

Fill in the blank after eaeh statement - does it refer to mitoehondrial DNA inheritanee (M), to 
nuclear DNA inheritanee (N), or to both (B)? 

1. The DNA ean mutate and cause disease. _ 

2. Genes are passed down from any parent to any ehild. _ 

3. Genes are passed down from mothers, but usually not fathers, 

to both sons and daughters. _ 


17. USE PUNNETT SQUARES T0 PREDKT THE RISK 0F INHERITING GENETK 

DISORDERS. 

EXERCISE 21-21 

In the spaee below, draw a Punnett square for the eross between Cole’s parents in regards to the 
siekle eell trait. You will need to read the ease study elosely to hgure out the genotype of the two 
parents, and ehoose your own letters to indieate the different alleles. Then, calculate the probability 
that they will have a ehild who is a earrier for the siekle eell trait. 
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SHOW HOW WORD PARTS ARE USED TO BUILD WORDS RELATED TO DEVELOPMENT AND 
HEREDITY. 

EXERCISE 21-22 

Complete the following table by writing the eorreet word part or meaning in the spaee provided. 
Write a word that eontains eaeh word part in the Example column. 

Word Part Meaning Example 

1. _ joined _ 

2. toe/o _ _ 

3. _ eolor _ 

4. somat/o _ _ 

5. phen/o _ _ 

6. _ self _ 

7. _ sharp, acute _ 

8. _ other, different _ 

9. homo- _ _ 


10. ehori/o 
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Making the Connections 

Map A 

The following eoneept map deals with different aspeets of pregnaney, partimtion, and laetation. 
Eaeh pair of terms is linked together by a eonneeting phrase. Complete the eoneept map by hlling 
in the appropriate term or phrase. There is one right answer for eaeh term. However, there are many 
eorreet answers for the eonneeting phrases (1, 2, 4, 5, 7, 8, 9). 


Fetal eortisol 




Prostaglandin 



Parturition 

A 



Is stimulated 
by this 
pituitary 
hormone 





Afte r t wo 
months is 
ealled a(n) 


Zygote 






Embryo 



o 


Plaeenta 



Relaxin 




Maintains 

the 



Along with 
the plaeenta 
seeretes 



Estrogen 


Along with 
the plaeenta 
seeretes 


Promotes 
enlargement 
of the 


© 


© 



Seeretes a 
pro-laetation 
hormone ealled 



Prepares for milk 
production by the 



Maintains 

the 



© 
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Map B 

The following eoneept map deals with some aspeets of heredity. Eaeh pair of terms is linked together 
by a eonneeting phrase. Complete the eoneept map by hlling in the appropriate term or phrase. 
There is one right answer for eaeh term (4 to 6, 11). However, there are many eorreet answers for 
the eonneeting phrases. 


Sex-linked traits 




© 


© 


Not involved in sex 
determination are ealled 


Involved in sex 
determination are 


Phenotype 


A 


0 


Genotype 



Are found on 
pieees of DNA 
ealled 



© 





Dominant 





Pair(s) 



Homozygous 


Of genes eontaining two 
different alleles are ealled 


© 



Carriers 
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Testing Your Knowledge 

18. BLIILDING UNDERSTANDING 
I. MULTIPLE CHOICE 

Seleet the best answer and write the letter of your ehoiee in the blank. 

1. Which of these substances stimulates eontraetion of the myometrium? 1. 

a. progesterone 

b. estrogen 
e. prolaetin 

d. prostaglandin 

2. Which two organs are largely bypassed in the fetal circulation? 2. 

a. hmgs and liver 

b. liver and kidney 

e. hmgs and intestine 

d. kidney and intestine 

3. What event occurs during the seeond stage of labor? 3. 

a. the onset of eontraetions 

b. expulsion of the afterbirth 

e. passage of the fetus through the vagina 

d. expulsion of the plaeenta 

4. What determines gender in humans? 4. 

a. the number of X ehromosomes 

b. the sex ehromosome earried by the ovum 

e. the number of autosomes 

d. the sex ehromosome earried by the spermatozoon 

5. If an imaginary animal has 28 ehromosomes per eell, how many 

ehromosomes will be found in eaeh spermatozoon? 5. 

a. 7 

b. 14 

e. 28 

d. 56 

6. Where would you find maternal blood? 6. 

a. umbilical eord 

b. ehorionie villi 

e. venous sinuses of the plaeenta 

d. all of the above 

7. Which of these is an aetion of human plaeental laetogen? 7. 

a. maintenanee of the corpus luteum 

b. breast development 

e. inereased maternal blood glucose levels 

d. growth of the plaeenta 

8. What is a morula? 8. 

a. a small ball of eells that implants in the endometrium 

b. the single eell formed by the sperm and ovum 

e. a membrane surrounding the fetus that seeretes fluid 
d. a small blood vessel that bypasses the fetal liver 
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9. Which of these terms deseribes traits that are determined by more 

than one gene pair? 9._ 

a. sex linked 

b. reeessive 

c. midtifaetorial 

d. dominant 

II. C0MPLETI0N EXERCISE 

Write the word or phrase that eorreetly eompletes eaeh sentenee. 

1. A surgical cut and repair of the perineum to prevent tearing is ealled a(n)_ 

2. By the end of the first month of embryonie life, the beginnings of the extremities may be 

seen. These are four small swellings ealled_ 

3. The mammary glands of the female provide nourishment for the newborn through the seere- 

tion of milk; this is a proeess ealled_ 

4. The stage of labor during which the afterbirth is expelled from the uterus is the_ 

5. Twins that develop from the same fertilized egg are ealled_ 

6. The normal site of fertilization is the_ 

7. The elear liquid that flows from the uterus when the mother’s “water breaks” is teehnieally 

ealled_ 

8. The larger sex ehromosome is ealled the_. 

9. The number of autosomes in the human genome is_. 

10. The proeess of eell division that halves the ehromosome number is ealled_. 

11. If the genotype of both parents is Cc, the ehanee that an offspring will have the genotype 

CC is_. 

12. A ehange in a gene or ehromosome is ealled a(n)_. 

13. An agent that induces a ehange in ehromosome structure is ealled a(n)_. 

19. LINDERSTANDING C0NCEPTS 
I. TRLIE/FALSE 

For eaeh question, write T for true or F for false in the blank to the left of eaeh number. If a state- 
ment is false, eorreet it by replaeing the underlined term and write the eorreet statement in the 
blanks below the question. 

_1. Ms. J is 7 weeks pregnant. Her uterus eontains an embryo . 
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2. The baby is expelled dining the fourth stage of labor. 


3. Fraternal twins are genetieally distinet. 


4. Blood is earried from the plaeenta to the fetus in the umbilical vein . 


5. Oxytocin seereted from the fetal adrenal gland may help induce labor. 


6. The decidua forms the fetal portion of the plaeenta. 


7. Sex-linked traits appear almost exclusively in males . 


8. The sex of the offspring is determined by the sex ehromosome earried in the 
spermatozoon. 


9. Carriers for a particular trait are always homozygous for the dominant allele. 


10. A reeessive trait is expressed in individuals heterozygous for the reeessive allele. 


11. The morula implants in the uterus. 


II. PRACTICAL APPLICATI0NS 

Study eaeh discussion. Then write the appropriate word or phrase in the spaee provided. 

> Group A 

1. Mr. and Ms. L had been trying to eoneeive for 2 years. Finally Ms. L realized her period was 
late and purchased a pregnaney deteetion kit. These kits test for the presenee of a hormone 
produced exclusively by embryonie tissues that helps maintain the corpus luteum. This hor- 

mone is ealled_ 

2. The pregnaney test was positive. Six weeks had elapsed sinee Ms. Ls last menstmal period. 

The gestational age of her new offspring at this time would be_ 

3. During a prenatal appointment 14 weeks later, Ms. L was able to see her future offspring using a 

technique for visualizing soft tissues without the use of x-rays. This technique is ealled_ 
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4. The pregnaney went smoothly, and the baby was born 5 days early. Ms. L immediately 
began to breast-feed her infant. The first seeretion from her breasts was not milk, but 

rather_ 

> Group B 

1. Mr. and Ms. J have consulted a genetie counselor. Ms. J is 8 weeks pregnant, and eystie 
fibrosis runs in both of their families. Cystic fibrosis is a disease in which an individual may 

earry the disease gene but not have eystie fibrosis. A term to deseribe this type of trait is 


2. Mr. and Ms. J were then sereened for the presenee of the eystie fibrosis allele. It was deter- 
mined that both Mr. and Ms. J have the allele even though they do not have eystie fibrosis. 

For the eystie fibrosis trait, they are both eonsidered to be_ 

3. Ms. J wanted to know if her baby would have eystie fibrosis. The fetus was shown to earry 
one normal allele and one eystie fibrosis allele. The faet that the alleles are different means 

that they ean be deseribed as_ 

4. The genetie analysis also revealed the presenee of two XX ehromosomes. The gender of the 

baby is therefore_ 

III. SHORT ESSAYS 

1. Compare and eontrast human plaeental laetogen (hPL) and human ehorionie gonadotropin 
(hCG). Discuss the synthesis and aetion of eaeh hormone. 


2. Deseribe the site of synthesis and aetions of the hormones involved in laetation and prepar- 
ing the breasts for laetation. 


3. Some traits in a population show a range instead of two elearly alternate forms. List some of 
these traits and explain what causes this variety. 
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20. CONCEPTUAL THINKING 


1. Traee the path of a blood eell from the plaeenta to the fetal heart and baek to the plaeenta. 
Assume that this blood eell passes through the foramen ovale. 


2. Are identieal twins identieal individuals? Defend your answer, using the terms “genotype”and 
“phenotype.” 


3. Deseribe how eaeh maternal organ ehanges during pregnaney and (if relevant) how the 
ehange faeilitates fetal growth and survival. 

a. heart 


b. hrngs 


e. kidney 


d. bladder 


e. digestive system 
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4. The One Step at a Time box in Ohapter 21 asks you to analyze data investigating a poten- 
tial gene therapy for siekle eell anemia. The table and graphs below show the results of a 
different type of gene therapy for siekle eell anemia (also known as siekle eell disorder). An 
artifieial gene was introduced into the mouse genome that prevents polymerization (clump- 
ing) of the hemoglobin molecules. Follow the procedure in the Step box to answer these 
questions. 

a. You only have information about the amount of variation in the population for one of the 
two parameters measured. Which one, and how do you know? 

b. For the parameter identified in question a, which of the three groups of miee had the larg- 
est variation? Defend your answer with data from the graph or table. 

e. What is the meaning of the asterisks in the table and the left-hand graph? 

d. What conclusions would you draw from these data? Defend your answer. 


Miee 

Hemoglobin (g/dl) 

Irreversibly 

Siekled Cells (%) 

Normal (Control) 

44.2 ± 0.6 

0 

Siekle-eell disorder 

28.3 ±0.9 

16 

Siekle-eell disorder 
+ gene therapy 

46.2 ± 0.4** 

2 



_0 

0 

O 


0 


_o 

eo 


0 

0 

> 

0 


e 


18 u 


16- 


14- 


12 - 


10 - 


8 - 


6 - 


4- 


2 - 


0 


Normal 


SCD 


i i 

SCD + Gene 


therapy 


Blood parameters in normal miee, siekle-eell disease (SCD) miee, and SCD miee treated with gene therapy. 

All hemoglobin values represent means +/- standard error of the mean (SEM). A. Changes in hemoglobin 
eoneentration and the pereentage of irreversibly siekled eells. **, P<0.01, eompared with SCD miee. 

B. Hemoglobin eoneentration. **, P<0.01. C. Pereentage of irreversibly siekled eells. Data taken 
from: Pawliuk etal. Correction of siekle eell disease in transgenie mouse models by gene therapy. 

Redrawn from data in Seienee, Dee. 14, 2001: 294: 2368-2371. 
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Expanding Your Horizons 

1. Have you ever wondered why animals ean give birth alone, but humans require all sorts 
of teehnologieal equipment? Women rarely give birth alone, even in soeieties with few 
teehnologieal advanees. The difficulties of human birth refleet some of our evolutionary 
adaptations. For instanee, the orientation of the human pelvis faeilitates walking upright, 
but requires the fetus to turn and bend during parturition. You ean read more about “The 
Evolution of Birth” in Seientifie Ameriean. 


• Rosenberg KR, Trevathan WR. Sei Am 2001;285:72-77. 


2. The movie Gattaea (1997) deseribes a futuristic world where genetie sereening and engi- 
neering are the norm. Everyone has a genetie deseription (including lifespan) available to 
potential mates, and virtually everyone (except the hero) is genetieally engineered. Genetie 
sereening determines one’s future on Gattaea, and genetie engineering has essentially abol- 
ished independent thought and ereativity. Seienee fietion aside, genetie sereening and engi- 
neering may soon beeome a teehnologieal reality in our soeiety. For a modest fee, numerous 
eompanies will sereen your genome and provide information regarding aneestry. In the past, 
they also provided information about genetie risk faetors for various diseases (some of which 
were quite speculative), but in November 2013, they eeased providing health information 
pending a USDA regulatory review. Concerns include the following: Will genetie sereening 
soon be required to obtain health insurance? Will some parents use prenatal sereening to 
seleet for a super baby? How ean we keep genetie information secure from computer haek- 
ers? Learn more in the resources below. 

• Wong K. Finding my inner:Neandertal. Sei Am 2013. Available at: http://www.scientificamerican.com/blog/post/ 
dna-finding-my-inner-neandertal 

• 23andme. Available at: https://www.23andme.com 

• Hall SS. Revolution postponed. Sei Am 2010;303:60-67. 

Aldhous P, Reilly M. How my Genome was haeked. New Sei 2009;201:6-9. 






